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CHANGE IN NUCLEOPROTEIN CONTENT IN PLANTS
UPON VEGETATIVE HYBRIDIZATION

Trans. 511
(Conclusions
only)

By

R. Adelman

[Experiments were conducted with tomatoes of the "Marglob"
variety; eggplant of the "Deliketes" variety; and the sced

offspring obtained from tomato/éggplant grafts].

CONCLUS ION

In vegetative hybridization, substantial quantitative changes oceur
in the phosphorus contont of nuclcoproteins in the young growing organs

and tissucs of grafts and hybrid progeny.

In grafting tomatocs onto oggplants and vicc versa, the chango in
the phosphorus content in nuclecoprotcins in tho lcaves of tho scion is
inclinocd to favor the stock) and in tho caso of ropoated graftlng it

incroasos.

In the sccd progony of #ogctativc hybrids, concurrontlY‘with a
vigorous manifestation of hoterosis, an incrcoascd nuclcoprotein content
is obscorved in the lcaves, blossoms, tips of shoots and in thc young

. scedlings of hybrld plants as comparcd with tho original [plant] forms.
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(In Russian)

HYBRIDIZATION OF PLANTS BY GRAFTING

General Conclusions

1. Vegetative hybrids show that simple heredity characteristic in
vegetative reproduction can, as Timiriazev assérted, turn into complex
heredity characteristic in sexual reproduction.

i} 2. Experiments in vegetative hybridization show an inconsistency
' in the chromosome theory of heredity the principle of which is cell from
cell, nucleus from nucleus, chromosome from chromosome, gene from gene.

Vegetative hybrids convince one that somatic cells undergoing
physiological changes will, in thc ond, producc altercd sexual cclls.
Therc is no immortal émbryonic coursc. There is a course of qualitative -
transformation of soma capablc of forming scxual cclls at a cortain stage.

3. There is a similarity, & parallelism, botween sexual and veogeta-
tive hybridization. It is a fact that the sccond mcthod, as wcll as the
first, will transmit any charactoristicg, any proporty from onc compdoncnt
to thc other. These proportics boeomc fixed in the socd goncrations.

4. Side by sidec with parallelism there oxist diffcrencos. A typical
foaturc of vecgotative hybrids is the diffcront type of fission of
charactoristics. Not only the plants vary in their basic charactoristics,
but a shdrply pronounced diffcrontiation occurs {proxodit] within tho
organism.” In vcgetative hybrids the mixed typc of heredity is basically
intrinsic. :

5. A charactoristic of graft hybrids is the differont form of
monifestation of property dominance. Plants with rccéssive charactorics
often produce offspring with dominant characteristics.

) 6. Crossbrcecding carricd out betwcen vegetative hybrids and parcnts

with graft componcnts and rccessive charactceristics domoXstrato grophically
‘ that dominant charactoristics may appcar in the offspring. This indicatcs
that scparatc characteristics in hybrids arc in a latent staté and, under
appropriatc conditions, doveclop subscquently in the offspring.
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7. On the chenge in oxtornal morphological characteristics, a
profound roorganization of ordecr takes place in hybrids, thc character of
coll structurc changes in particular, plastids of various types appcar in
the cclls. ‘

8. Biochcmical investigntions show that the majority of quantitative
oand qualitativc indicators”of tho sccond graft component —— the montor -
appcar in thc sced progony.

9. Frecquently the absence of visiblc changes obscrved in tho yoar
of grafting docs not denotec an absenco of spocific qualitative changes in
the gencrative cclls of the plant. Honce it follows that the progeny of
grafted plants must always bo investigoted, cven though no phenomcnon &f
variation in charactcristics had becn observed in the ycar of grafting.

10. It would bc most primitive to think that as a rosult of grafting
onc always has to look for grafts of the stock in the offspring of thc
scion, or vica versa, to discover propé¢rties, charactcristics of the scion
in the offspring of fruit of the stock. 'Living [substance] constitutes a
process of devclopment, dnd cvery biological process docs not know of
straight, dircet changos. They are realized only in g long chain of
transformations. ‘

Bosides the phenomena of straight hybridism (prosence of the
characteristics of both parcnt componcnts in the offspring), vegetative
hybrids include also the phcnomena of now formations, i.c. the croation
6f now chafacteristics frequently not inhorent in cither one of the graft
components. A pre-requisitc for this is extrome instability, inconstancy
of form, froquently obscrved in ifitraspecific and, nost often, in
distant, [intergenoric] graftings.

Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0




gl
o
/
{

Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0
B (1) . -
Trans. 513
(In full)
e By
R. Adelman

Nikitenko, G. F.

O nekotorykh csobennostiakh vegetativnoi
gibridizatsii zlakov metodom transplan-
tatsii zarodysha

[Certain characteristics .of vegetative hybridization
of cereals by the embryo transplantation method].

Dokledy Akademii Nauk SSSR, 76(2):273-276
January 11, 1951 511 P444A

' CERTAIN CHARACTERISTICS OF VEGETATIVE HYBRIDIZATION
OF CEREALS BY THE EMBRYO TRANSPLANTATION METHOD

Submitted by Academician
N. A. Meksimov, November 11,
1950

Research of recent years has developed technical methods meking it
practicable for a large group of herbacecus plants (principally the
Cucurbitaceae and Solanaceae) to bring about exertion of & larger measure of
influence by the stock upon the scion, which, as is known, - is one of the
decisive conditions in obtaining vegetative hybrids (8). The essence of
these methods is the influence brought to bear on the scion at various
stages of its development, and the regulation of its assimilating (foliar) .
surface (1,3,8,14).

However, the method for obtaining vegetative hybrids among cereals
cannot yet be considered as sufficiently developed. With regard to Graminsae,
the more widespread and generally accepted method at present is vegetative
hybridization by means of embryo transplantation, although other processes are
also known: inarching [ablaktirovka] (3,9), grafting onto the node above
ground (6,12). [p. 273, end para 2]

Apart from the greater technical accessibility, the embryo transplanta-
tion method permits influencing the scion'(embryo} at the very beginning of
its development. There are several known alternatives of this method
(4,5,7,12,15,16), but all are characterized by & common shortcoming, "namely,
the altering action of the stock (endosperm) upon the scion (embryo). The
latter, being selective as to the conditions of its life, will "reluctantly™
make use of the alien plastic substances of the stock ~— endosperm -— and
will assimilate them in building up its body only until it forms rootlets
and & regular leaf, i.e. until it becomes self-sustaining. With the formation
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of embryonic rootlets and the bringing forth a leaf above ground, the influence
exerted by the endosperm on the embryo, vie plastic substances, stops. Fre=~
quently this occurs before the supply of the endosperm is all used up, end
thus, the influence of the stock (endosperm) upon the scion (embryo) appears

to be limited not only with respect to duration of the action, but alsc as

to the amount of the assimilated plastic substances. ’

Attempts to overcome the indicated shortcomings by increasing the amount
of the altering plastic substances in grafting =- by doubling the endosperm
stock) (15,16) — were not successful. In our opinion, the reason for this
lies in the fact that such a treatment of the question solves only the problem
of increasing the amount of plastic substances of the stock, but does not
touch upon the other; the more important préblem.—~ forcing the scion to
essimilate food inappropriate for it, and in large quantities at that. On
grafting, the plants show essential individual distinctions, and their re=-
action to the influence of nlien food substances is very strong. Consequently;
a simple increase in the amount of plastic substances of the stock is fiot
sufficient to obtain the needed changes in grafting by trans- [begin p. 274]
planting the embryo = it is important that the latter be compelled to
assimilate them. In underestimating this requirement, we are inclined to
explain the failures which have occurred in the work of many investigators
who are engaged in ¥egetative hybridization of Graminea and use the method
under consideration. (Let us point out, particularly, the experiments '
conducted by Shtingl lor Stingl] with Triticum, Hordeum, Secale, Avena,
cited by Winkler (2), in an attempt to prove that the influence of varying
plastic substances is incapable of causing specific changes in grafting).

In the course of experimental work of vegetative hybridization of
barley by the embryo transplantation method, we succeeded in detecting
conditions allowing, to & considerable degree, to overcome the fundamental
fault of this method. The method of vegetative hybridization of cereals
which we suggested, frequently led to a very profound influence exerted by
the stock upon the scion: we refer to & case of complete suppression of the
secion in grafting and the formation of & plant with the characteristics of
only the stock (10).

The further development of the problem under consideration was continued
under conditions of a specidlly conducted experiment with biologically
contrgsting graft component. The varieties of winter barley selected as such
components wefe — [p. 274, para 2] Kruglik 21 and Krasmyi Dar 2494 (Hordeum
vulgare L var. pallidum) and two varieties of winter rye — Kazanskais 5 + 6
and Dotnuvo Aukshtein (Secale cereale L. var. vulgare). Thé graft was grafts
accomplished by use of the method described eearlier (10,11). A total of é%ﬁf7
were carried out Kruglik 21 and Krasnyi Dar 2494 ‘which, on

2 Dotnuvo Aukshtein 2 Kazanskela o + 6
September 1, 1949, were sown in hothouse pots [vazony] containing seed bed
earth (50% soil and 50% humus) at a depth of 8=9 cm. Shoots appedred on
September 12-14, 1949, i.e. on the 12-14"day following the sowing. Of the ~
250 grafted grains only 86 germinated; the rest of the 164 produced no shoots.
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During the phase of 2-3 regular leaflets, the experimental plants were trans-
' flanted to open ground where they were well able to develop runners ,
raskustit'sia] by the time autumn vegetation ceased.

‘Even the first observations of the post-grefting development of the
expefimental plants reveealed a profound influence of the stock in the graft-
ings. In 26 out of 86 cases, the shoots which emerged proved to contain
anthocyanin, which is characteristic of the stock (of winter rye). As the
grafts were developing further, a progressive increase was.observed in’
stock characteristics: conservation of anthocyan at the base of the (p. 274,
end para 3] plants, a slightly raised and expanded form of the branch [kust]
(the scion of winter barley has a récumbent branch), noticeably less crescent
form to the ears of the leaf sheath. -

In the spring of 1950, following the overwintering, there were only 12
plants left in the nursery, and these were of the 26 which, in’the fail of
1949 had revealed a strong trend in the direction of the stock. The rest of
the grafts, exactly as the controls (Intravarietal grafts and ungrafted plants
of winter barley), perished complétely as a result of the very severe over-
wintering conditions of 1949-1950. The following spring, the development of
the surviving plants was distinguished by considerable originality. In these
plants the formation of new leaves and runners were accompanied by the dying
off of the old ones, while the newly emerging funners tended ever more toward

. the stock in an externally morphological sense. It created the impression
that the plants, so to say, were discarding their hybrid "jacket". 1In
separate plants the dying off of the vegetative mass proceeded more intensively
than the process of forming new ones, so that of the 12 overwintered plants
only 3 survived until the time of fruitage. The other 9 died off at different
stages: 5 soon after spring vegetation had begun (May 3-8), 3 — in the phase
of stem formition [vykhod v trubku] (Miy 25-29) and one plant at the peak of
spike [end p. 274] formetion (June 24). At this time it is importent to note
that, as per our observations, the dying off of ‘grafts was not due to a
deficiency of food elements, of light, moisture etc., nor to injuries caused
by insect pests, and much less to mechanical injuries, but apparéntly, to
a lack of balance of strain requirements of the graft components.

After spike formation, the development of the plants which survived
proceeded normelly. At this moment they resembled completely the plants
of winter rye; their flowering was rathér protracted (June 28 - July 13)
and it proceeded in the "rye" manner, i.e. it was open. For the purpcse
of increasing the percentage of the binding capacity of grain, these plants.
were artificially backerossed [pereopyleny] among themselves. In addition,
one spike on each plant was isolated (with the aid of parchment isolators)
under which no grain whatever formed.

Three plants produced & total of 29 spikes yielding & harvest of 867
grains with an absolute weight of 30.8 g. Viewed from the external appear-
. ance; the spikes obtained and the grains in them were clearly of the rye
1 typeo .
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Thus, in our experiment, [p. 275, begin para 3] plants with cxternally
morpholicgical and biological characteristics typical of the endosperm-stock,
— winter rye — developed from embryos of winter barley transplanted onto
double cndosperms of winter rye, if the grofted grains wero planted extra
deep (8-9cm) and grown under field overwintering conditions. We explain
this, undoubtedly, most intercsting case of strong influonce exerted by the
stock upon the scion os follows. Thanks to considerable (with respect to
duration and amount of plastic substances assimilated) influence of the
endosperm-stock, there occurred in the early stages of graft development a
sharp shift in the direction of winter rye. However, the degree to which
this shift was expressed in the grafts varied by virtue of the individual
differences in the components. The subsequent development of the grafts
took place under severe overwintering conditions and caused in some of them
a further increase in the charecteristics of winter rye, in as much as the
prevalence of such conditions evidently contributed to the development, in
the grafts; of properties and characteristics of the more hardy component,
in the given case winter ryo. The other grafts which leaned in the direc=
tion of the scion (of winter barley) and, therefore, were less hardy, perished
the same as the controls (winter barley) because they could not survive the
low winter temperatuies. As a result of this, a complete predominance of
stock properties [p. 275, eond para 3] set in in the grafts which had sur-
vived the winter: at the time of full fruitage there were left only the
grafts of the extreme variant ~- "toward the stock"; grafts "toward the
scion" and intormediate ones were eliminated. '

The date obtained may serve as strong eviderce of the feasibility of
transmitting the properties of one strain to another without the partiéipea-
tion of scx elements; solely by transmission of plastic substances (8). It
seems to us, however, that this does not exhaust the importance of tho facts
disclosed. On the basis of these facts one can assert that to ensurc the '
success of vegetative hybridization of cereals by the process of embryo
transplantation, it is not necessary to create conditions that "will maximally
acceclerate the germination of the scion embryo® (15) by covering the grafts
with &4 thin layer (1 em) of friable soil, but on the contrary, to pursue the
course of prolonging the period in which the changing action of the "strange"
food of the endosperm-stock can be excrted. Only in this case one can expect
to obtain a high percentage of success in vegetative hybridization of cereals
by the method indicated =~ not in the sense of generally obtaining a large
number of plents from gfafts, but of obtaining a high percentage of real i
vegetative hybrids, i.e. plants with the properties of the scion and the stock.
{p. 275, end para 4].

It may be assumed that by regulating the depth at which grafted grains
are planted [zadelka] (taking into account the size of the seed grafted) and,
by the same virtues; regulating the size and duration of the stock influence,
combined with expedient cultural practices fof grafts, it is possible to
obtain stock influence of the needed strength.

Mordovskaia Gosudarstvennaisa . : Received
Selektsionnaia Stantsiia 9/9/1950
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[On Utilizing Antibiotics in the
Food Industry]

Vestnik Akedemii Nauk SSSR, -

- vol. 24, no. 5, May 1954, pp: 44-48.

511 Ak14V

(In Russian)

USSR WORK OF TIE APPLICATION OF ANTIBIOTICS
IN THE FOOD INDUSTRY

[Numbers in parentheses refer to

appendedvbibliography]

The idea of using the antagonistic effects between microbes for combating
pathogenic microorganisms had been originally suggested by I. I. Mechnikov.
However, practical application of the phenomenon of antagonism between mi-
crobes was first attempted in the 1940's, when antibiodtics (tyrothricin, peni-
cillin, and gramicidin) were isolated in a pure state.

Modern médicine and veterinary medicine ha¥e found in antibiotics a
powerful means of combating infectious diseases. It is understandable that
the question was raised in regerd to the use of antibiotics for the control
of harmful microorganisms in some industrial fields as well, particularly in
the food industry for the preservation of food products from spoilage (1).

Many invest%é?tors, particularly abrosd, attempted to apply for this
purpose antibioti¥s which are known and have received extensive application
in medicine, namely peniciliin, streptomycin, chloromycetin, aureomycin,
terramycin, subtilin, gremicidin, etec. The investigations that have been
carried out dealt mainly with the problem as to whether the antibiotics
mentioned are suitable for the preservation of meét,,fish, and milk from ‘
spoilage. Notwithstanding certain contradictions which are encountered in
published articles, it may be considered .aa an established fact that small
quantities of antibiotics, after being added to the food product or to the”
ice in which the food product is kept, prevent spoilage for a certain time.

However, none of the antibiétics used in medicine have found practiceal
application in the food industry. The principal reason for this is the
natural apprehension that as a result of prolonged consumption of antibiotics
microbial forms which are resistant to antibiotics will arise. Experience
shows that persons who had been treated with antibidtics develop resistant
forms of bacteria in their bodies with relative ease. It is obvious that
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after the development in the organism of microbes which are resistant %o
a definite antibiotic, treatment with this antibiotic of the disease
produced by the microorganism in question will not succeed. In other
words, the application of an antibiotic in the food industry may lead to
the result that an effective therapeutic agent will be lost.

On the other hand, there still is no information worth mentioning on
the nature of the effect which small do8es of antibiotics administered for
& long time exert on the human orgenism,

The rather extensive data pertaining to the action of antibiotics on
animals are very contradictory. It was established that addition to the
feed cof minute quantities of penicillin; streptomycine, chloromyceting
aureomyein, or other antibiotics in some cases, but not dlways, has a
beneficial effect on animals, particularly young animels. It was establish-
ed that the identical anitbiotics exert a different reaction on different
animels, The best results were achieved with aureomycin, .terramycing and
bacitracin. The mechanism of this prolénged action of antibiotics has
not been investigated adoquately as yet. But a number of authors assume,
not withcut reason, that improvement in the growth of young animals, which
has been noticed after the administration of an antibiotic in the feed, is
produced principally by profound changes in the ccmposition of the
intestinal microflore and that these changes are brought about by the action
of the antibiotic. It has been established that some antibiotics suppress
the development of the microflora, which is harmful to the orgonism, for
instence the putrefactive and toxicogenic microflora; while the useful
microflora (lactic acid bacteria and some others), among which there are
spocies which synthesizo vitamins needed by animals, is stimulated.

However, there are indications that the prolonged administration of
antibiotics for therapcutic purposes may lead to & vitamif insufficiency as
& result of the modification of the intestinal microflora. Other undesir-
able results may also arisc. It has also becn established that the
systematic administration of antibiotics to ruminants, in the nutrition of
which microbiological processes are of great importance, processes taking
place in the stomach (or rather the compartment of the stomach which is
called the rumen) oliminete the uscful microflora and bring about sovere
disturbances of the digestion. In young ruminants, particularly calves
during the earlier period of their life, whon the microflora of the rumen
does not yet play a.very active role in their digestion, thosc disturbdnces
are not obsorvoed. :

Thus, the date of some authors, who point out the uscful effect of
the addition of antibioties to the foed of animals, differ from thc date
published by other authors; who have not observed any stch effect or who
indicate that thore is & harmful effect on the organism. It is not
surprising that in a number of countries the sale of antibiotics to be
uscd as an ingredient of the feed of animals is prohibited.

What has beon said leads to the conclusion that qur knowledge of tho
action of antibiotics when administered together with food is still
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inadequate. TFor that reason one must be very careful in approaching the

problem on the utilization of antibiotics in the food industry. The most
thorough and many-sided investigations on this subject are essential.

Very original and, from the standpoint of this discussion, very promis-
ing investigations are under way on the applicaetion in the food industry of
the antibiotic properties of higher plantse Work on this subject has been
done in the Soviet Uhlon¢ ‘

The juice of ‘many higher plants, a&s has been shown by Soviet sclentlsts,
particularly B. P. Tokin, contains the so-called phytoncides, which have
- antibacterial properties (2). The phytoncides, just like antibiotics,
comprise substances of the most diverse chemical composition. At present
the chemical composition of meny phytoncides has been investigated and
these phyton01des have beon isolated in the pure state.

It is obvious that in order to find out whether'phytoncide preparations
can be used as preservatives for food products one must investigaté the effect
of prolonged administration of these substances together with food. However,
with referénce to some food products, this problem is not of particular
importance. For instance, it has been established thet in the production
of some canned proserves, one may effectively use the.phytoncidic propertics
of the raw material from which these preserves are made.

‘ Of particular interest in this respect are the investigations which
" have boon conductcd at tho All-Union Scicntific Roscarch Instituto of tho
Food Proscrve Industry. Thesc invostigations cstablishod that phytoncidos
arc containcd in meny végotablos and fruit as woll as in somo plants which
arc uscd as spocics (3). Thus, phytoncidkcs aro containcd in tomatoes,
carrots, bocts, horscradish, parsloy, onions, pcppor, mustard, and cériander.
Tho phytoncidic proportics of plants dopcnd on thoir spocics.and ago. Tho ~
antibactorial activity of somo phytoncidos is morc pronouncod aftor hcating.

-

Undor tho effcet of the phytoncidos of vcgetables, thc quantity of
micro-organisms in .canncd prcsorves is roducod prior to storilization.
This makos it possiblc to roducc the tcmporaturd and cxtont of tho
sterilization of vogotablc presorves by heating. The preoscrves. obtained
by thc now mcthod, which involves loss rigorous conditions of steriliza-
tion, werc found to havo high indcxes of bacterial sterility.

In many plants, for instanco tho onion, thc volatile fraction of thc
phytoneidcs is of particular valud. Howcver, this fraction may bo usod
up in a vory short poriod of timc. This circumstanco must bc taken into
consideration in establishing tho toéhnologicel conditions for tho trcat-
mont of tho raw matcrial in quostion.

Tho investigations doscribed arc of gredt significanco from the stand-
point of the fundamental principlos involved. They made possibBilc:an ontiroly
now approach , namoly utilization of tho entibacterial proportics.of the

‘ ‘raw matorial being presorved, and et tho samo timec domonstrated that on tho
basis of this principlc onc may achicvo an improvoment in the quality of
production, incrcascs in the officiency of tochnological procosscs, and &

T
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(4)
reduction of the prime cost.

It is obvious that further work along this line is of importance. The
attention of investigators must be concentrated on the selection and
introduction into the food preserving industry of those species and varieties
of vegetables, fruits, and other plants which are rich in phytoncides.
Furthermore, the technological processes for the treatment of sueh reaw
material must be improved with the view to achieving maximum utilization

- of the phytoncides: contained in it. It is also necessary to conduct work on °

the possibilities.of using phytoncides in other branches of the food industry.
From this stendpoint, the capacity of some phytoncides to suppress the
development of the putrefaction micfoflora which brings about spoilags of
fresh fish is of great interest (4).

Soviet scientists are developing a new and original line. of research
dealing with the utilization of the phenomenon of interbacterial antagonism
for the improvément of the quality of food products and of their stability
during storage.

Orgenisms which exert an entibiotic effect are found within all groups
of microbes, including yeast, lactic acid bacteria, acetic acid bacterisa,
and other species of micrcorganisms 6n the life prrcesses of which many
branches of the food industry depend. However, the products obtained with

" the aid of such microdrgenisms are often subjected to spoilage r oduced by

extraneous microflora, Thus, sweet butter in storage loses many of its
valuable properties as & result of the activity of putrefactive micto=
organisms, lipolytic bacteria, mold fungi, and other microorganisms.

Soviet scientists have established that some strains of yéast have the
capacity of suppressing microorganisms which damage butter (5). These
strains of yeast midy be used for the purpose of increasing the stability of
butter to spoilage. A number of strains of lactic acid streptococci,
which exert an antibiotic effect on the causative factors of the spoilage
of butter, have been isolated from natural sources (6). 1If these strains are
included in the production stock culture, which is used in the menufacturse
of sweet butter and which consists of a mixture of strains of lactic acid
streptococci, one may suppress the developmént of putrefactive ar genisms and
other harmful micro~-orgenisms in the butter. ' '

These investigations deserve serious attention. It is not impossible
that one may discover among lectic acid bacteria culture which have not
only entibacteriel activity but also antifungus activity, and the property
of suppressing bacterial phages. The discovery of lactic acid bacteria
that have the last-mentioned property would be of great significance for
the cheese industry; where the problem of the control of bacteriophage is
of great importance. The phenomenon of antagonism between mi croorganisms
may also be successfully used in other branches of the food industry.

In January 1954 the Institute of Microbiology, Acddemy of Sciences
USSR, conducted a conference at which & report by N. A. Krasil'nikov was
presented. This report dealt with the scientific basis of the application
of antibioties in the food industry and the prospects of such application.
A number of other reports on research in this field was also presented.
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The conference noted the importance of continuing work on the utiliza-

‘tion of antibiotics and phytoncides, and the application of the phenemoha

of antagonism between microbes in verious brenches of the food industry.

In view of the great significance which must be ascribed to the elucidation
of the action of antibiotics on the human organisms, when these antibiotics
are used as preservatives for food products, the conference recommended
that the appropriate institutes of the Ministry of Pub&ic Health USSR,
particularly the Institute of Nutrition of the Academy of Medical Sciences
USSR, take steps to investigate this problem.

It was especially indicated that there is & necessity for expanding
work aimed at the discovery of new antibiotics derived from actinomycetes,
mold fungi, and bacteria, as well as of phytoncides &nd antibiotics of
animel origin, suitable for use in the food industry.

Introduction into the food industry of new antibiotics which dre not
used in medicine presents, as has been stated, definite advantages. It is

" obvious that the selection of a new antlblotlo preparation for use in the

food industry must be based on all the properties of this preparation. In
medicine and veterinary medicine, an antibiotic usually sefves the purpose
of controlling a definite causative factor of some disease. In the food
industry, on the other hand, one must as a rule preserve the product from
the harmful action of & number of micrcorganisms which belong to the most
diverse groups. It is therefore necessary that the antibiotic have a
broad renge of antimicrobial activity. Furthermore, an antibiotic which
is suitable for use in the food industry must have an active effect on

‘definité species of microorganisms not only in vitro, but also in the food

rrodust. It must be devoid of toxic properties; and harmless to the
organism on prolonged consumption in small doses. It must not confer an
unpleasant taste or odor, and must not producé any other undesirable
changes in the properties of the food product.

~ Antibiotics with properties which are useful Ffor the food industry
can be found among the most diverse microorgenisms. Bacteria, fungi, and
actinomycetes are among them. Actinomycetes must be regarded as the most

-promising group of microorganisms in thet respect.

As a confirmation of this may serve the results obtained in a search
for antagonists effective against a number of speocids of microbes which
produce spoilage of meat and meat products (7) Bact. Coli and Bact. proteus’
wore used as test cultures; also Penicillium, CladoSporium, and Mucor fungi.
A total of 806 strains of actinomycetes were tested. Of this total 244
strains, or 30%, exhibited the capacity for suppressing the devolopmeont of
cither one or several of the harmful cultures used in tho teosts, while
several had an offect on all the harmful cultures used. Antibacterial
propertios were exhibited by only 27 cultures, and antifungus propcrties
by only 134 culturces, while 83 cultures suppressed the dovelopment of both
bactoria and fungi present in various combinations.

One must assume that cultures which have antifungus @ ope rties will

prove to be a promising source of eantibiotics for use in those branches of
the food industry where mold fungi have to be combated.
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(7) ' | Report presented by V. R. Mirzoyéva at the abovo-

Antibiotics which have a low thermal stability and & relatively high
degree of inactivation during storage with a food product mey prove to be
very useful. Such antibiotics would be very suitable for application in
the cenning industry and other branches of the food industry. Antibiotics
of “this type would lower the bacterial count of the crude material or inter=~
mediate products, and at the same time make possible the application of
milder sterilization process. The subsequent inactivation of the antibiotics
as & result of thermel treatment or storage would remove all possibilities
of an undesirable effect of the antibiotics on the human. organism.

It is understandable that introduction of antibiotics for use as food
preservatives will necéssitate precise methods for their quantitative
determination on foods.

The problem of the application of antibioties in the food industry is
& new one which has not been investigated to any great extent as yet, and

requires extensive study.‘ For the successful solution to this problem the

joint efforts of microbiologists, biochemists, technologists, hygienists,
and representatives of other fields of knowledge are essential. In
conclusion, one must point out that the expansion of work on new antibiotics
will not only be of use to the food industry, but may résult in discoveries
which will be very valuable to medicine and ‘agriculture.
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{In part]
ppe 72-73
By« ‘
R. Adelman

Chirvinskii, I. A.

Novoe v Sel'skokhoziaistvennoe Nauke
[News in Agricultural Science]
Dostizheniie Nauki i Peredovogo Opyte
v Sel'skom Khoziaistve, 1954(1):72=75,
Jenuary 1954 :
20 D742 .

[In Russian]

NEWS IN AGRIBULTURAL SCIENCE

USE OF ANTIBIOTICS IN THE CONTROL OF
INFECTIOUS DISEASES
OF PLANTS

An important role in the solution of problems, set forth by the
September Plenum of the TSK KPSS [Central Committee of Communist Party
of the Soviet Union] before thé workers of agriculture, is assigned to
leading agrobiological science.

Workers of scientific institutions use every effort to exhaust all
aveilable and heretofore unutilized internal resources and to discover
new possibilities that will rapidly increase the productivity of agricultural
crops.

It is known that plants. frequently become infected by various diseases
which redude their yielding capacity and cause enormous losses to kolkhoz
production. Particularly great damages are inflicted by plant diseases
caused by bacteria, pathogenic fungi and viruses.

Existing methods for the control of plant diséases are not always
effective and at times produce no results whatever. Hence, an important
medium in increasing the productivity of agriéultural crops is the timely
protection of plants against various diseases.

The scientists of the Institute of Mierobiology, Academy of Sciences

of the Union of the SSR have produced substances called antibiotics. These
substances are used as medical preparations not only in medicine, but also

Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0




Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0

v © g

r“"

(2)° Trans. 518

in agriculture = in veterinary medicine; and in plant cu;ture for the
“control of infectious diseases of plants.

Such a group of éntibiotics includes peniecillin, streptomycin,
sintomycin and others. Investigations conducted by Soviet scientists have
_revealed that these substencés can be produced by variocus little fungi and
bacteria inhabiting the soil.
The works of the famous Soviet scientists, N. 4. Krasil'nikov, and
his staff reveal that antibiotics can be used for the prevention and treat-
ment of inféctious diseases such as wilt of citrus plants, gummosis of
cotton, etc.

R. Mirzabekian, a Fellow of the Institute of Genetics, Academy of
Sciences USSR, conducted tests with antibiotics on apricot trees infected
by wilt on kolkhozés in”the Armenian SSR. The tests produced positive
results. [begin P 73]. Injection of the antibiotic solution .into the
tissue of an apricot plant, or &praying of its crown precludes the further
development of tissue infection. Following the spraying, the plants
recover and in future continue to develop normally. Sick plaats not sub-
jected to treatment with this preparation perished completsly.

- Experiments conducted by $. Askarove (SOIUZNIKHT) [A11-Union Scientific

‘ Research Institute of Cotton] under field conditions, on & 12 ha area of
cotton crop treated with the antibiotic solution, showed & 40-68(0% decrease
in plant infection by gummosis. At the same time, the cotton yield in-
creased accordingly. '

Experiments conducted on kolkhozes in the Uzbek SSP have shown that
plant infection by gummosis reached 44% when the cotton seed had been
“treated Wwith water, yet the number of infected cotton plants did not
excesd 2.5% when the seed were treated with the antibiotic solution.

As regards their action, antibiotics are not inferior to granosan
NIUIF-1 [Scientific Research Institute of Fertilizers and Inseétifugesj,
and in some cases they have obvious advantages over the latter. Thus,
for instance, antibiotics accelerate the germination of seed, increase
their sprouting capacity. Furthermore, they are not injurious to plant
tissues,; yet at the same time they kill microbes of infectious diseases.
They remain active within the plant from 7 to 30 days.

N. A. Krasil'nikov, Corresponding Member of the Academy of Sciences
USSR, for antibiotic treatment of agricultural plants recommends the -
injection of antibiotics into the trunk of & tree through an opening”
made with a drill, and spraying the crowns of trees and their leaves.
Treatmént of seed of agricultural crops before seeding is n-more effective
method. According to N. A. Krosil'nikov's dato, destruction of pathogenic
microbes, bacteria or fungi requires 5 to 100 ml of antibiotic solution,
f. depending on the characteristics of the microbe and the plants. Anti-

' biotics can 2lso be added to composts. Antibiotic substances added to
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composts eliminate the incidence of infectious diseases of plants.

The report submitted by N. A. Krasil‘nikov on this question at the
meeting of the Technical Council of the Ministry of Agriculbure, USSR,
aroused the interest of specialists in the new discovery in the agricultural
science. .The meeting of the Technical Council noted concrete measures for

the further study and adaptation in production of the new method for the
control of diseeses of agricultural crops.

NEW TYPE OF FERTILIZER -

. (A Surmary)
- by
R. Adelman

At the end of 1953, the Technical Council of the Ministry of
Agriculture, USSR, heard the report of Candidate of the Agricultural
Sciences, N. N. Sokolov, on the use of "juice vater® — liquid weste of
potato starch factories — in fertilizing agricultural crops¢ The term
M3uicé water" is applied to cell juice of potatoes diluted with pure
water. The quantity of "juice water" which accumulates during the season
when the stareh factories ere in operation on but one central belt of
the Soviet Union, is large enough to irrigate field crops and vegetables
covering an area of 14 thousand ha. The report includes & chemical i
analysis of "juice water” propcrties and shows the results of experiments.

‘ In view of the importance of this waste product in raising the
productivity of agricultural crops, The Technical Council, following &
discussion, adopted a resolution that & new type of fertilizer be added
to kolkhoz production at an early date.

Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0




Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0

(1) Transfi517
(In full)
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R. Adelman

Nikitenko, G. F. , : .

Vnutrisortovaia i Mezhsortovaia Vegetativiaia
Gibridizatsiia kak Metod Polucheniia porodno
Uluchshennykh Elitnykh Semian Ovsa i IAchmenia

[Intravarietal and intervarietal Vegetative
Hybridization as a method for obtaining genetically
[porodno] Improved Choice Seed of Oats and Barley]

Selektsiia i Semenovodstvo, 17(5)135-39. May 1950
61.9 Seb

(In Russian)

INTRAVARIETAL AND INTERVARIETAL VEGETATIVE
HYBRIDIZATION AS. 4 METHOD FOR OBTAINING
GENETICALLY IMPROVED CHOICE SEED OF OATS
AND BARIEY

+ -

ngh genetic [porodnye] properties of choice seed, i.e. their in-
creased vitality, adaptability to living conditions and, finelly, their
capacity to produce a higher yield, are the basic characteristics dis-
tinguishing these seed from the seed of mass reproduction.

Michurin's paramount agrobiclogical science has developed methods,
already widely utilized in practice, aimed at increasing the genetic
properties of the seed of perennial agricultural crops. These ars,
primarily, the methods of intravarietal and intervarietal crossing.

At the foundation of these methods lies the most important biological
regularity contained in the fact that the crossing of organisms, even
though there are slight differences between them, is biologically
advantageous, for it results in the production of offspring with 1ncreased
vitality, with & heightened capacity to adapt itself to ever chenging
conditions of external environment, while self-fertilization, particularly
a protracted “one, entails subsequent reduction of vitality, degeneration
of offspring.

This regularity, first, as is known, noticed by Darwin, has been
demonstrated in exhaustive expefiments and has been developed further
creatively in the works of I. V. Michurln, T. D. lysenko and their
numerous followers.

From the v1ewpoint of Michurin's teaching, the process of fertiliza-
tion is a process of reciprocal assimilation-dissimilization, a process
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of incorpordtion, to & certain degree, of various sexual oells‘into a
'Slngle body.

As Academician T. D. Lysenko teaches, the bloloblcal nature of the
fertilization process is constituted by the process of reciprocal metabolism
between sexual cells fused in one zygote. Fusion of distinct sexual cells
into one [begin p. 36)] cell creates a biological contrast in the single
living body imparting to it greater vitality, greater adaptability to
conditions of external environment.

However, the crossing of organisms with sexual cells, already at
variance, is not the only means of increasing the vitality of the offspring
_of plant organisms: such organisms can be produced also through direction,
by the w111 of man.

The process of forming in the organism sexual elements with different
properties can be directed through substitution of appropriate cultural
“conditions and through vegetative RAybridization based on variation in the
metabolism of the graft components.

A vast amount of experimental work in vegetative hybridization of
plants shows grafically and convincingly that transmission of hereditary
properties of one strain to another can be accompllshed without fusion
of the elements, solely by transmitting the plastic substances; it shows
also that the characteristics acqiired by the organism through grafting
are inherited by the seed progeny. Vegetative hybridization is accompanied
by increased viability of the progeny. ' -

Thus, in grafting, as well as in sexual crossings, organisms are
formed with stronger biological contrasts and, therefore, with more
vitality. Analogy in the conduct of vegetative and sexual hybrids cen be
understood only in the li§ht of the well known theoretical hypothesis of
Academician T. D. Lysenko', according to which the variation in plants
prompted by changed environmental &onditions of vegetative and sexual
hybridization has one common basis.

Such a common basis is the organism's adaptation to changed condltlons,
chanbed nutrition, which lead to the formation of reproducing cell,
internally heterogeneous, and contrasting in their potentials and require=
ments, i.e. a change in the type of metabolism definitely and specifically
. meant for the organisms.

/

The method for growing genetically improved choice seed, developed

1o, D. Lysenko - Agrobiologiia, 1948, p. 376
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for most agricultural crops, and the fundamental prinéiples of which are
are stated in the article written by Academician M, A. Ol'shenskii’and
Candidates of the Agricultural Sciences, F. G. Kirichénko and E. T.
Varentsa (see Zhurnal "Selektsiia i Semenovodstvo" No. 7, 1949) is based
on the widespread use of intra-and inter-varietal crossing in free
selective fertilization, in conjunction with expedient cultural’practices
for hybrid seed, and continuous selection for their improvement.

However, since the method for intra-and intervarietal crossing is not
completely developed, it is recommended thet the practically unalterable
(former) scheme for growing choice seed be used for a series of the most
important crops; such as oats, barley and others.

Yet, it is precisely these crops which, most of all, are in need of
methods that will incréase the vitality and improve the strain in the
culture of choice seed.

Tt is known that, in protracted self-fertilization, the reason for
depression of fertilization and, &s a result, the decrease of wvitality of
the offspring is the comparative homogeneity of the sexual cells which
participate in fertilization. In natural populations or in pure lines
of self-pollinating plants which blossom more or less openly (as for

. example wheat), there is always the possibility of cross=breeding, which
sharply decreases the harmful effect of inbreeding.

The specific characteristics of the blossoming of oats, and partic-
ularly of barley, nearly eliminate a similar possibility. It is known,
for instance, that in intravarietal crossing of oats and barley by the
methods used at the present time [begin p. 37] the number of grains
formed is often quite negligible in relation to the number of castrated
blossoms. The low percentage of success is a result of the circumstance
that thé pollen falls on the stigma of castrated blossoms in limited
amounts. As a result, instead of obtaining biologically advantageous
selective fertilization, there occurs limited pollination, fertilization with
a. negligible amount 8f pollén which is more an extremely forced than a
selective feortilization. '

The circumstance indicated should be noted also becausc of the fact
that in barley, for instance, in cases in which it becomes necessary, '
for practical purposes, to resort to free backcrossing, the depression
caused by limited pollination, due to pollen deficiency, destroys comple te-
ly the favorable effect of crossing; the picturo obtained resembles in
many respects the process of fertilization seen in isolated sc¢lf-fertiliza-~
tion. Hence the progeny of seed obtained as a result of such fertilization
(in limited selection of pollen) frequently is characterized by poorer
development and productivity. o

‘ As Acadéemician T. D. Lysenko points out," the degree of embryol

vitality ..... equals; in many rospects, the degree of fertility. The
less the fertility, i.e. percentage of fertilization of the ovicells,
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. the loss also the dogree of vitality of the seod obtained"Z.

B17

Leaving the development of & more perfect method for intravarietal
and intervarietal crossing ah open question - though its urgent nced for
crops like barley, oats, ote. is obvious —- and proceeding from tho facts
stated above, we make bold to propose anothor method for obtaining
genetically improved choice seed of oats and barley. In our opinion, this
could be the Method of Intravarietal and Intervarietal Vogotative
Hybridization. '

Up to now, specialized investigations have not' been conducted for
the purpose of inquiring into the effectiveness of intra-and intervarietal
vegetative hybridization as a method of obtaining genetically impro¥ed
seed. It is, however, known, for example, that inm Academician I.'1I.
Prezent's® experiments, intravarietal grafts of summer wheat Liutescens 62
proved more vitdl end, as & result, more productive than control (not
grafted) plants. To & certain extent, this is indicated by the entire
enormois factual experimental material on vegetative hybridization of
plants. '

A large number of works on vegetative hybridization of almost all

field crops, including cereals, have ensured the development of a

. . sufficiently simple and reliable hybridization technique. Of .the many
technical methods of vegetative hybridization of plants, in the case
under inveédtigation, we primarily refer to the method of embryo trans-
plantation. The vast amount of experimental work accomplished by employ-
‘ing this method, and accumulated by the workers of the State Selection
Station, permits its presentation without any fear that the intricacy
and unedaptability of the techniue of this method will preclude its
application at the rate required.

Therefore, we suggest that, in growing genetically improved choice
seed of oats and barley, the method recommended by Academicizn M. A.
Ol'shinskii and Candidates of Agricultural Sciences, F. G. Kirichenko
and E. T. Barenitsa, be extended by the addition of’a new section: a
nursery for intravarietal (intervarietal) graftings. Then, in place of
the accepted use of ordinary seed, it will be necessary to plant in-
selection nursery séed obtained from intravarietal and intervarietal
graftings. [begin p. 38].

: Academician T. D. Lysenko -~ Threo-yoar plan for the development
of socialized kolkhoz and sovkhoz productive animal husbandry and
the tasks of agricultural science. OGIZ -~ Scl'khozgiz. Moscow,

1949, p. 23
3 o _ :
‘ Academician I:- I. Prczent — The bidlogical importence of double

fertilization. "Agrobiologiia", No. 5, 1948
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Culture of genetically improved choice seed of oats and barley based
on intravarietal and intervarietal graftings can be visualized as follows:

e) Nursery for growing intravarietal (intervarietal)
grafts (Fo);

b) Nursery for selection (F;);

¢) [v] Seed nursery (Fz)j

d) (gl Preliminary propagation (F3);
o) lal Super-choice (F4)

£) lel Choice (F5).

' In the first nursery intra-and intervarietal grafts are grown. In
conformity with the method recommended by the abowe authors, seed of the
original components (parent forms) for grafting, should be taken from the
more productive crops of the needed verieties. Transplantation of the

, embryo can be carried out by any of the known methods, but it is bedt to

’ . use the method of transplanting the dry embryo onto & dry endosperm.
This method is technically easily accessible and, more important, it
ensures & high degree of acclimatization of the grafts and affords the
oppoftunity to begin transplantation work in good time, long before seeding
time. In addition, transplantation by this method allows direction of the
reciprocal influence of the graft components through variation in the
amount of the assimilable plastic substances of the endosperm-stock
(grafting on a double endosperm, seeding at considerable depth). Experi-
mental work conducted by this method at the Mordov State Selection Station
shows that the following technique is more acceptable:

In two dry grains of one of the graft components the embryos are
cut with the blade of a safety razor (the indision must be made &t an
angle of 40-45° to the surface of the grain). Then & second incision
is made in one of the grains on the side opposite the embryo. The
incision on the surface are made with a safety razor in two perpendicular
- directions, after which [the grains] are steeped in water, best in warm
water (room temperature). The action of the water causes the incised
surface of the cut to swell up repidly (in 1-2 minutes) and to acquire -
the consistency of glue. On endosperms thus prepared the transplantation
of the embryo is performed; at first the embryo is glued to the sndosperm
on which two incisions had been made, and then the second endosperm 1is
grafted onto [the first] from below.

With adequate practice and skill, one worker can easily perform
‘ 50-75 embryo transplantations per day. This will ensure accomplishment
of the required volume of work without expending much manpower. The
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glued components-keép very well and can be preserved in any type of
container until seeding time; Petri dishes or those of Koch are best for
this purpose.

Declassified and Approved For Release 2013/09/17 : CIA-RDP80RO1426RO1020061000140

The grafted grain can be sown in & hotbed, greenhouse or directly in
the ground at the time customary for planting the given crops. In the
latter case, the sector must be well tilléd and fertilized — best with
menure (50-60 T/ha) — prior to planting, For the purpose of increas-
ing the influence of the endosperm, the planting depth for grafted grains
should be increased up to 6~7 cm for oats and 7-8 cm for barley.

_ Each grain must be provided with the most favorable conditions for
growth and development: optimal area of nutrition (10 x 30 em), frequent
supplementary feeding with & full mineral fertilizer (beneath the marker)
watering - if necessary. ' '

“Careful phenbiogical observations must be conducted during vegeta-
tion. Inspection (field and laboratory), customary 1n plant selection
for selection nurseries: on the strength of development, productivity per
plaft, resistance to phyto- and entomologicel pests, stability of straw,
etc.

. Seed of the selected plents are seeded the following year in a
selection nursery. :

The subsequent work is carried on in full compliéncé with the re-
quirements of the method recommended by Academician M. A. Ol'shénskii,

Candidates of the agiicultural sciences, F. G. Kirichenko and E. T.
Verenitsa. [begin p. 39] . :

Using the method described, it will take a meximum of 2000 grafts
to produce the necessary quantity of F, of rejuvinated seed 550 thousand);
the culture of these grafts will require an area of 75~100 m“.

With the smount of work involved, it will be easy to ensure the hest
possible care and observation of growth and development of the grafts,
not only under conditions of State Selection Stations, but also in
regional seed kolkhozes [raisemkhoz] and on sectors of experimenting
farmers. ' : '

It is apparent that the success of cultivating intravarietal and
intervarietal vegetative hybrids depends, in many respects, on the
weather conditions of the year, the characteristics of the farm, the
ability of the experimenters etc, and, therefore, the technics of. the
work adducted here must be considered as being schematic, as having &
comparative importance. ‘

, Mordov State Selection'
; Station :
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R. Adelman

" Aleev, N. P.

Opyty po Izmeneniiu Prirody Pshenltsy
Putem Vegetativnoi Gibridizatsii

[Experiments in changing the nature of
wheat through vegetative hybridizaticn]

Agrobiologiia, 1948(4):48-56
July-August, 1948 20 Ag822

{In Russian]

EXPERIMENTS IN CHANGING THE YATURE COF WHEAT
THROUGH VEGETATIVE HYBRIDIZATION

In this repor®t we descrlbe some of our experiments in vegetative
hybridization of wheat conducted in the years: 1940-~1942. We concentrated
on the transplantation of embryos of the seed of certain varieties upon
the endosperm of other varieties and species of plants. Here are the

results of the transplantation of embryos of wheat onto the endosperm
of rice,

The choice of the embryo seed for a scion was based, first of all,
on the fact that the embryo — the younger phase of plant life == is
more easily influenced by external factors. It has been established that

the embryc Seed can develop not only on its own endosperm but aiso on a
strange one. .

The seed of wheat of Erytrospérmum 0841 and Melianopus 069 were
selected for the expérimental work. The seed of rice of the Karatal'fskii
8679 variety was selected for the stock’ (endosperm). After causing a
slight swelling in all experimental seed, their embryos were cut off to--
gether with a small part of the endosperm (to avoid injuring the embryo).
The wheat embryos were pasted with wheat dough to the endosperm of rice
on whiéh the small area obtained after removing the embryjo expanded a

little. The embryos grew firmly onto the rice endosperm. The total
number of grafts made was 100.

The grain of wheat thus prepared were planted at the end of April in
' paper cups filled with sand and @& slight admixture of soil. In growing the
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plants by the method described, the wheat embryos enjoyed the nutrients de-
rived from the substances of the rice endosperm.

Almost all of them germinated, but from thence their fates differed.

Most of the sprouts perished early; some of them succeeded in develop~-
ing one or two regular leaves and then perished; and only & few specimens
developed to the point of the formation of generative organs., Some sprouts
may have perished as & result of insuffié¢ient nutrition due to the loss of
contact between the embryo and endosperm.

When the wheat had reached the phase of two-three leaves, it was
planted in the field. Here it was watered in proportion.to soil dryness
and was fertilized three times with full mineral fertilizer. Nonetheless,
the growth of the wheat was poor, the plants looked stunted and were easily
susceptible to disease.

Up to the phase of heeding there were left 16 specimens of wheat. A
few of them formed branches, but most of them produced only oné stem. Many
stéms formed spikes which fluctuated in length from 1 to 10 cm. [begin D
49.] The spikelets of all spikes had scales of spikeleté and buds, but the
stamen and the pistils were absent from most of the bud. Although in
fourteen out of sixteen plants the spikelet and bud scales were well :
formed, thsy began early to turn brown and to fall off, so that nothing but
the core was left of the spike. Only one plant of the Erythrospermum
veriety (fig. 1) &nd one plant of the Melianopus variety produced one spike
with kernels each. Fifteen kernels were found in the spike of the first
plant and in the spike of the second plant ~= 8 kernels. The grains in
both spikes were, generally very small and shrivelled, sometimes a little
larger, but there was not & single normel, fully developed grain. The
grains in the grafted Erythrospermum were considerably whiter as compared
with the original form. The only Erythrospermum spike which produced
grains was distinguished by & strong pubescene of the spike and flower
scale, by porosity, by & large number of flowers in the spike — up to
11, counting the poorly developed and sterile flowers. Another spike of
the seme specimen disintegrated completely.

The fruit-bearing specimen of Melianopus (fig. 2) produced 3 spikes.

Fig. 1 - Left — Original form of ‘Erythro=
spermum 0841.
Right — Grafted plant (Photo of
1940) . |

Fig, 2 - Grafted plent of wheat, Melianépus
069 onto the endosperm of rice.

One grain-bearing spike had abnormelly curved awns and & more porous struc-
ture than is normal. [Begin p. 50] The number of flowers in the spike came
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to 9, but only 6 were fertile. Another spike, also abnormally porous, had
no awns, was sterile and soon disintegrated; & third spike — compact,
somewhat club-shaped, without awns and sterile.

Such were the hybrid plants of the wheat obtained in 1940.

To demonstrate the diversity of the plants grown from the seed obtained
by vegetative hybridizatioh, I shall describe the results of the crop from
the seed harvested in 1940. As indicated above, only 2 spikes of two plants
produced seed: the plant of Melianopis wheat yielded 8 grains, and the plant
of Brythrospermum wheal -~ 15 grains.

These greins were sown in & greenhouse on April 21; 1941. In the case
of Melisiopus all eight grains germinated, in the case of Brythrospermum
only ten. On April 30 the plants were transplanted in the field. On the
Melianopus plants 2 specimens reached the stage of seed formation, of the
Erythrospermum plants - 7 specimens.

The rest of the plants dried up and perished at certain stages of their
development, or they prcduced sterile spikes. Harvesting of the plants was
carried 6ut on July 31, which means that the vegetative period lasted exactly
102 days. ’

‘ I shali describe briefly some of the vegetative hybrids derived from
Erythrospermum and rice. Plant No. 1, first generation {(fig. 3). Height
| : of the plant 88 cm, length of spike — 15 cm. Two spikelets are perched
i side by side at the bottom of the second, third and fourth rachises each;
in addition to these three twin spikelets there are also 19 single spikelets.
The ‘total number of spikélets in the spike is 25 (including the three pairs
of twins); grains - 106. GQualitatively all grains’are satisfactory,
they are white of pibment and barrel-shaped in form.
Plant No. 2 (fig. 4) reachéd the height of 82 cm including the spike.
The spike contained 22 rachises. There were two spikelets on each - the
first, second, fourth, fifth, sixth, seventh and eighth rachises; on the
remaining fifteen rachises there was one on each. The number of graing
in the twin spikelet ranged from one to five, in the upper six — none.
[several words deleted] The 77 grains found 1A the spike described were
poorly developed, thin, and of a white pigment.

Plant no. 3 had espécially large leaves: the blades of the upper )
left — 3C cm long and 1.8 cm wide (at the part where the width is broadest).
The blade of the leaf is thick and has sharply protruding veins. In the
one and only spike, twin sferile spikelets were found underneath the
second and fourth rachiscs.

The first and third single spikelet are likewise sterile. In the
rest of the spikelets: four grains each (1 spikelet), 3 grains each

. (3 spikelets), 2 grains each (6 spikelets) and onc grain each (8 spikelets);

total number of grains in the spike — 3%. . The grains were full, large
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grains, but there were also small and poorly de¥elcped grains, Color and
the form were the same &s in the preceding ones.

A new characteristic which eappeared in this generation is the
distribution of twin spikelets on some of the rachises in & number of
spikes. This charactéristic wes found in the progeny in the same incidence
through the year 1946.

In 1941 new grafts were made. The embryos of wheat were grafted onto
the endosperm of Karatal'sk rice: Tsezium 0111, Erythrospermum 0341, Melia-
nopus 169 and Gordeiforme 0189. Altogether there were 400 graftings. The
seeding was carried out on April 29.

On May 14, somé plants with two leaves each were removed from the
soil for inspection. A cyme could be clearly observed in the wheat embryo
while it was in the ground. The part of its own endosperm which adjoins
the cyme, left there when the cperation was performed wes completely
absorbed; (begin p. 51] it had 1éft on the cyme cavities and depressions
containing reserves of nutrients. Nothing was left of the rice endosperm
except the membrane; the wheat embryo had used up all the substances of the
rice endosperm. ’

‘ Fig. 3 ~— First generation of hybrid
' wheat Erythrospermum grafted
onto rice.

Fig. 4 — First generation of hybrid wheat’
Erythrospermum grafted onto rice.

Only 16 plants reached the phase of fruiting, and, in addition, three
plents developed with sterile spikes. Partly sterile spikes were found in
fertile specimens; for instance. a spike of Erythrospérmum 0341 had a total
of 14 spikelets, yet only 5 of these yielded 6 grains.

in hybrid plants of wheat emnerged prdoperties which are absent in the
ordinary piants of the original varieties. .These new properties are un-
equally distributed not only among separcte specifens, but also within the
bounds of & single brénch and even & single spike. I shall cite examples
of certain varlations. -

For instance, in one specimen of Gordeiforme the upper internode bear=
ing the spike is 8 cm long; it cnds with & spike 4.5 in length; both, the
internode and the spike were confined in a strong sheath 18 cm long. The
spike, markedly bent, partly crumbled and sterile, emerged together with
the internode that bears it not through the opening of the sheath apex,
but through an opening in the side wall of the sheath. In another speci«

. men of the Gordeiforme the spike came out only halfways anc was sterile.
There are perfectly shaped spikes which look normel, but are sterile.
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[Begin p. 52] Alongside of the plants that yielded 6, 1l and 20 grains,
there are spikes which produced 75 grains in 15 spikelets, 78 grains in 18
spikelets etc. At times, the kernels were very fine, thin end poorly
developed, at times -~ large and well filled out.

The kernels in the wheat referred to above as Erythrospermum 0341, were
distributed in the spike as follows: in the first, fourth, eighth and ninth
spikelets — one grain each, in the seventh — two grains, in the remaining
nine spikelets no grains whatever. Spikelets with a varying number of
flowers, up to eleven were found in some hybrids. The number of grains in
the spikelets was just as varied -— from zero %o scven.

Awns are subject to strong variation. In some Gordeiforme spikes the
awns are very long (up to 23 om), curved, eand, at the top, strongly diverge
in different directions -~ the space between the tips of the awns measures
22 om. In othor Gordeiforme plants the awns project straight upwerd and .
rise above the spike only 5 em. Finally, there was o plant with practically
no awns on the spike: only in two spikelets the flowers had awns up to 4 cm
in length, but in the rest of the flowérs the scales taper off either with
awns up to 1 mm, or into a sharp point. The awns in experimental plants
of Melsanopus wheat are also oxtremely varied as to length and pigment (from
black color to white), they are of o different longth and color even in one
and the same spike, and even the scme avn is differently colored in different
parts., :

An interesting phenomenon is the branching out of the stem. Branching
was observed in oxperimentcl plants of two virieties: Melianopus and Gordei-
forme. For instance, in Mclionopus 069 (fig. 5) o side shoot emerges from
the axil of thc third leaf; tho stem is 4 cm long; it hds at its tip a
spiko 2.3 cm long, and including the awns — 13 cm long. The spike boars
a spikelet with eleven sterile flowers. On the same plant, & sedentary
spike; 2 om long ond 1.8 cm wide at tho upper and broadest part, emerged
from the axil. of the fourth leaf. The single spikelet had 7 flowers with
awns up to 7.5 cm; the spikelet yielded two good and one 8ickly grain. The
top spike of this plant (length 57cm, and with awns = 13.5 em) is found
on the upper internode, 4 cm long. Tho awns are yellow-groen at the basc,
yet at the central and upper parts they arc slightly gray-brown fo brown
and even entirely black (different avms are differently colored). Long
awns are found only in the lower flowers, thc rest have eithor none or somc
that do not exceed 7 mm. A spike that has 19 spikeclets; one of them had )
scven flowers and yielded 5 grains. The rest of the spikelets were sterile.

Out of ten plants, Gordeiforme produccd three plants with ramose stems.
One of these plants is constructed as follows: from the axil of the third
loaf omerge$ a stom with two intornodes: the first — 3 cm long, and tho
second ~— 1.7 cm. The latter ends with a spike 3 cm long, with thc awns
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10 em. The spike produced 8 small but full grains. From the leaf axil cf

this axillary shoot another stem grew out —= 2 mm long — and ended with a

spike 1.8 cm long ond with the awns 5 cm long. This spike produced six

| grains. The top spike yielded 11 shrivelled poor grains. From three spikes
cf one stem a total of 25 kcrnels were harvested.

In onother plant of Gordeiforme 0189 (fig. 6), the lower spikelet of
the top spike lags 3 cm behind the others; the length of the rest of the
spike is 6 cm. ' :

The longest awns are those at the top, up to 4.0 cm; in the middle part
they are considerably shorter, and the lower spikes have nc awns. The spike
yielded 19 grains. {végin p. 53] From the leaf axil a stem grew out ending ~
with a 6 cm long spike. The spike had 15 spikelets which contained 48 grains.
The largest numbef of grain’in a spikelet was five; the length of the greins
fluctuated from 4.5 to 8 mm. The longest awns wore in the middle part of i
the soike; the spikelets at the top ond at the bottom had no .ovns whatever.

’
-

Fig. 5 — Plant of the Melianopus 089 variety
grafted onto the endosperm of rice.

o Fig. 6 — Plant of the Gordeiforme 0189 varisty
grafted onto the endosperm of rice.

Among plants with non-ramose stems were found spikes which contained
more than 70 kornecls. Many spikeletd of the samo plants contained an in-
crcasod number of flowers ond grains.

A1l seed of the 1941 crop were sown in the field on May 11, 1942. The
sowing was carried out'with a spacing of 65 x 35 cm. The plants wore
harvested on August 29. '

[Bogin p. 54] An analysis of the first generation of wheat plants,
spikes and apikelets of BErythrospermum 0841 produced & groat variety. Re-
gardiess of the fact that Erythrospermum has long awns, all the hybrid plants
of 1942 werc nearly awnless; awns were found only in the five-six upper -
spikciets; yet not in all of thom; and their length did not exceed 1.5 cm.
The number of spikelets in the spikes fluctuated sharply: from eight to
twenty-five. Thé same in the preceding yoar, twin spikeclets wero found on
some spikes, i.e. not ono, os is customary; but two.and sometimes even
three spikelots were located on one rachis. The number of thesc twins )
Pluctuctod bobwoen one and cleoven (there was one spike on which 11 twins and
4 single spikelets weroe perched on fifteen rachises). More often than not
these twin spikelots werc sterilo. Tho spikelot and flower scales werc

' strongly depressed. '
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The number of flowers in the spikelet also varied: There were spikelets
with three flowers, yet spixelets with eight flowers were also encountered.
There were sterile spikes with but two-three grains,; yet there were also
spikes containing more than fifty grains (the largest number was 85 grains,
and in a spikelet — 7 grains). :

The progency of wheat grafted in 1941 was marked by the absence of
rémose forms. Productive bushiness was varied: the number of stems with
reproducing spikes fluctudted in individual plents between 1 and six; yet
concomitantly, entirely sterile spikes were found in”the very same shrubs.
There were also plants which had sterile spikes only.

The number of kernels in different spikes is alsc quite varied;
variations were observed also in the dimensions and if other properties of
. the kernels. Much variation was observed in the awns.

It should be noted that culture of the seed of Erythrospermum 0841,
tirst obtained in 1940 by growihg its embryo on the rice endosperm, was
continued ennually through 1946, Many variations survived seven generations.
Figur§'7 shows the mmItifwmiity of spikes obtained in the sixth generation
(1946).

First of all, one notes the conspicuous absence of awns which, if the
original form of Erythrospermum 0841, were twice as long as the spike. The
spikes of hybrids are considerably longer than the spikes of the original
form grown, for comparative reasons, under identical external conditions.
Thus, the spikes of the original form are most frequently 8=9 cm long, yet
the average length of the spike of & vegetative hybrid is 11-13 cm. In
stricture the spikes are dissimilar: there are spiles with twin spikelets,
i.0. tiro spikelets (occasionally even three spikelets) are perched on one
rachis. At times the spikeclots are multiflorous and yield 4-6 grains; at
times they are poor in flowers and yield but 2-3 grains; seen from the
face, the first are considerably wider than the latter.

The spikelet and flower scales are thickly furred, this characteristic
is less pronounced in the flowers at the top of the spikelet. The kernels
are closely encased in the flower scales and do not spilil.

Big differences are observed in the kernels. In the original form they

are red, comparatively thin and long. Hybrid kefnels are white with a
slight yellowish hus, shortened and thicker (fig. 8). Equal amounts of the
largest kernels of both forms were used for dimensional comparison: the
length of kernels from the original form equalled 8.3 mm, énd the widfth -~
3.3 mm; In the hybrid form the corresponding sizes were: 7.3 mm and 3.8 mm.
The maximum length [begih p. 55] of the kernels of the original form -

9 mm, maxifium width -—— 3.5 mm; the corresponding sizes in the hybrid form:

8 mm and 4.5 mm. Thercfore the weight of the sclected largest seeds of
both forms of whoat is fairly close: 1000 grains of the original form wecigh
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-

51 grams, of thc hybrid - 55 grams.

Fige 7 = Variation in the form of spikes of the
vogotative hybrid Erythrospermum 0841 x
rice in tho sixth genoration (1946).

1 ' : | v . ‘ (8)
“l' ( ‘

If the form and structure of the spikc do not as yct represont stabloe
charocteristics (multiflorous and multi-grein spikelots, tho proscnco of +twin
spikclots on the rochis), then the form of tho ondosperm, its oxcoptlonally
whito coloring and groat softnoss and mecaliness characterize complcte
stability and constﬁncy transmitted by inhoritanco in the coursc of sevon
gonoratlonsa

Tt is obvious from this report that the variations which are obtained
in wheat plants, grown from embryos nourished by a rice endosperm, are
extremely varied and extend to the generative organs as well as tc the
vegetative ones, while they become fixed in the seed offspring.

Among hybrid plants are found superior, economically valuable forms.
For instance, plants, the gréin of which have the absolute weight of 47 g,
‘ arouse condiderable interest.  The specimens which yield 5-6 reprcductive
spikes etc. are also valuable. It is ourtask to sedure in the following
generations these superior traits of altered plents. '

On the basis of observations of the hybrids obtained, it is possible
to draw certain preliminary conclusions as to whether those valuatle
properties which would be desirable not only to- preserve, but also to
strengthen in the new forms, are tapering out, 6r are progressing while
the generntions ere inthe process of development. -

The overwhelming majority of agricultural characteristics, such as
spike formation, high quality of grain (fulness, dimensions), productivity
per plant among the better specimens, produce in the offspring hignher
indicators in comparison with the parent forms. The amount of grain in the
spikelets increases,lbegin p. 56] but the number of spikelets in the spike
decreases somewhat, hence here is a decrease”in the amount of grain per
splke, but this does not occur in all plants.

It was mentioned above that culture of the progeny of a plant grafted
in 1940 continued through. the year 1946, and that it firmly retainad many
positive indicators.

Among the hybrid plants obtained are found quite a few shortcomings
(sterility etc.), but there are also many valuable properties. Yet of the
highest importance is the fact that by practicing vegetative hybridization
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it is possible to obtain offspring of the kind of plants in which sexual
hybridization is impsssible (rice and wheat)., The practice of directed

" sulture and selsction of the best plants for vegetative hybrids will
produce economically highly valuable formé with properties that will sharply
differ from those in the initial material. '

Fig. 8 =~ Top row — .
Kernels of the original form of
Erythrospermus 0841;

Bottom row -
Kernels of the hybrid form of

Erythrospermumn.
* x % * *
CONCLUSIONS
1; Introduction into the tissues of &n embryoc, that is be-

ginning to develop, nutritive substances unadapted to its nature,
diverts the course of the developmental processes from the normal

~and, as a result, new properties are formed in the plant cells; -
these properties appear in the form of distifguishing morpholog=
ical and physiological plant characteristics.

2. Various new characteristics do not appear immediately in
the year the grafting is performed, blt they continue:to form
and develop in subsequent generations. ’

3. .~ The instability of characteristics, the disappearance of
former ones, appearance of new ones, indicate & mutebility, an ~
inconstancy of the inherited nature of vegetative hybrid plants.

4, Cells and tissues, the generative as well as the somatic,
consist of multiple properties within the limits cf a single
plant, a single spike, spikelet, bud.
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“In our experiments in addition to the general disturbance
‘of the hereditary properties of whéat, the hybrid plants were
fed some of the properties of rice. We refer to the change in
- the color of grain from red to white, the compactness of flower
scales, reduction of dimensions and color of awns, appearance

of pubéscence on the scales of spikelets and flowers, and some
others.-

Botanicheskii Sad AN Kazekhskoi SSR
Alzna.-tha
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Bys

R. Adelman

Osipov, A. E. : , . . !
Upyty po vegetativnoi gibridizatsii
zakovykh

£ . : . - . PR X
tExperiments in vegetative hybridiza«
tion of gramineae].

Agrobiologiia, 1949(6)s141-146.
November/December 1949 20 Ag822

(In Russian) » '

)

EXPERIMENTS IN VEGETATIVE HYBRIDIZATION OF GRAMINEAE

The first experiments in vegetative hybridization of gramineae were
begun [at the Riazanskaia Selektsionnaia Stantsiia] in the year 1938. To
begin with, it was necessary to dstermine on a grafiting technique. Oat
plants of various ages were used for this purpose, beginning with the phase
of developmen®t of the first surface node and ending with the phase of pénicle
emergence. Grafts were performed on & stem, a* node, in a cut or cleft.
Binding was accomplished with gauze, saturated bas$ and isolation ribbons.

Or 173 grafts coalescence of the sciocn with the stock was secured in only
four instances,

In addition, in a large quantity of oat gfain, the embryo of one grain
was transplanted onto the endosperm of another. In 4-5 days some of these
grains showed signd of growth, but they socon perished for reasons unknown
to us at that time.

The first year's work showed that grafting of Gramineae should be per-
formed in the earliest phase of their ontogeny.

In the year 193¢ the experiments were continued with attention center-
ing primarily on the transplantation of embryvs. Experimental technics were
the following. ©Seed reserved for grafting were shelled of their hulls fwork
was conducted chiefly with hulled férms). Then the seed was placed on moist
sand and covered with glass saucers. In approximately 20 hours {(at sufficient-
ly high temperatures - 12 hours) the seed of oats sWwelled up and showed signs
of grcwing, and those of bromegrass -—— in 30 hours. After this, the smbryos
_of steck and scion were cut off with a razor.. It was established that the
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cut on the steck had to be larger than that in the scion, so that no part cf
the embryc might be left in the stock.

The embryoé of thé scion were carefully cut off and transferred onto the
endosperm of the stock. The edges of the cuts were smeared with collodium.

Just as soon as the collodium was dry, the seed were-again placed on
moist”sand under giass saucers. The sand under the saucers were always kept
moist. The grafted embiyos of “~oats began to grow in 2-3 Jays, and those of
bromegress in 4-5 days., Transplantation ifito pots [vazonfj with so0il was
carried out 5-7 days follcwing the grafting.

In a series of cases it was established that the embrycs of the oat scion
cut off carelessly (with the endosperm) did not .grow onto vhe stock, but they
continued to grow and, having been transplantéd into containers with soil, they
produced weak, but nonetheless fertile plants.

A 19494 transplantation of an embryo of smooth broms [Bromus “nurmlsj onto
the endosperm of oats produced 5 plants, including 4 from & combination of
bromegrass and oats of thé Moskovskii A-315 variety, and one from bromegrass
and naked oats (Av. nuda).

—— s ot——"

LBegin p. 14z} 1In the fall of 1939, the plants obtained were transplanted
to the field; and in the spring of 1940 they were well advanced in growth.
Their developmnnt proceeded satisfactorily, and, subsequently, colitrol plants
of bromegrass lagged behind the experimentel plants by 10-12 days.

All plants obtained from grafted embryos were stronger than control plants.
The variations produced by the influence of the stock affected not onlv the
general character of the plants, but also their separate parts and organss
The panicles and straw of these plants looked more like oats (fig. 1)}. The
number of spikelets in their panicles was also larger.

The plants obtained from the graft of a bromegrass embryo onto the endo-
sperm of naked oats, had a softer leaf than the scion.

The axil of straw was naked. Furriness was negligible beneath the axil,
yet above it; it was sharply promounced. Spikelets of the panicle were
%arger ind they contained more flowers than are found in smooth bromegress

fig. 2

(x) Translator's notés it seems that 1939 was meant instead of 1949.
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The kernels, with respect to pigment, resembled broomgrass, the pigmént
of the hulls was light. The internal hull of the flower was nearly light.
The external flower hull was larger than the kernel and looked as though it
enveloped it, and was easily removed {(fig. 3). Among the grain of this plant
were found specimens, the kernels of which hulled easily from the flower
chaff{ The stem of the grain is markedly shorter and thicker than in broome=
Erass. . . : .o ' ' 3

The grain of plants obtained as a result of graftlng the °mbryo of
smooth broomegrass onto the endcsperm of oats, Moskovskii A-315; were fuller
and looked as if they had been pushed through the flower hulls which did not
join either at the top nor at the S1des A

The grain obtained was not uniform. The size c¢f the grain, their form,
and the character of the flower hulls differed rather strongly within the
limits of the same comblnatlon and even on the same piant.

[fig. 1] = Lefts

. Panicle of smooth broomegrass;
Rights ‘
Panicle of oats, Moskovskii A-315;
In center;
Panicle of plant obtained as a result
Hof grafting the embryo of smooth brocme-
grass onto the endosperm of cats, Moskov-
skii A-315.

{Begin p. 143]

(fig. 2] ~ Left:
Spikelet of smooth broomegrass;
Rights
Spikelet of Avena nuda;
In centers
Spikelet of plant obtained as a result
of grafting smodth broomegrass onto the
endosperm of Av. nuda,

On the basis of the factual material Obtaineds'we have arrived at the
conclusion that, regardless of the short space of time in which the grain -
embryo of one plant was nourished by the ready plastic substances cof the
endosperm of another, there occurred marked variations in the characteristics

' of the scion exposed to the influence of the stock. We were, however, unable
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to tell then whether or not these variations will be transmitted to the follow-
ing seed generations. During *he patriotic was these experiments were dis=-
continued, and they were resumed only in the year 1947 with the partially pre-

served material. “The greatest interest centered on the transplantation of
the barley embryo.

In the year 1941, the embryo of Pallidim 45 barley wes grafted onto the
endosperm of the trifurcatum form of barley. As a result; a plant was produced,
the spikes of which included grain with hulls and naked giain, and as a rule,
the naked grain was found in the lower part of the spikes. In a single spike
one could encounter awns that were normal in Pallidum. 4E8; shortened awns,
and awns that looked as if they had been fractured beneath the axil.

In the spring of 1947, the seed obtained was seeded in the field
separately, naked grain, grain with changed awns, and hulled grain with -
awns normél. for Pallidum 45. All of them produced normel germination, bub
the plants obtained from naked grain were completely destroyed by fleas
and the swedish fly. ' \

The hulled”seed with changed avms produced plants with multiple rows

‘ of awnéd spikes. Individual plants had soft awns, and one plant had.ramose
spikes.

Hulled seed which had awng normal for Pallidum 45 produced: one plant
with changed awns, the grains in the lower part of the spike bearing awns
5 cm long and ending in & prong ifurcal], theé rest of the grains having long
awns with e fracture at the eenter, all grains were hulled; five plants with
rough awns; the grain was hulled, naked and semi-naked; four plants with
shortened awns and naked grain; one plant with long awns and naked grain;

Lbegln p. 144} cne plant with short awns, 95% of the grain hulled and 5%
neked. :

(fig. 3] — Left;
: Grain of smooth broomegrasu,
Ri ght
- grain of Avena nuda with flower hulls;
In centers 4 ‘
Grain of plant obtained as & result

of grafting the embryo of smooth brodme-
grass onto the endosporm of Av. nude.

v o

In the year 1948, the grain of these plants were seedéd separately in _
the field. Thus we got-a third generation from the grafts. As a result of

. &En anelysis, a lavge variety of form was established in the third generation
fig. 4).
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Variations formed in the first generation were transmitted to the next
seed generations. In the following generetions & splitting up is observed in
the characteristics. ‘

Thus, a plant; the spike of which had short awns and long prongs, produced
in the progeny.5 morphologically different groups of plants (fig. 5).

Hulled grain with altered awns were selected from first generation hybrids,

and in 1947 their embryos were grafted onto the endosperm of trifurcatum for a
second time. &0 graftings produced but one plant, which, however, cannot

Lfig. 4] ~-- Spikes of plant F, obtained as a result
of grafting the embryo of barley Pallidum 45
onto the endosperm of trifurcatum.

{begin p. 145]

(fige 5] == Progeny of spike which had long prongs
and short awns.

be wholly attributed to the imperfection of transplantation technics.

As a result of repeated grafting, a plant was obtained which hed sturdy
straw, a broad leaf blade, many rows &f awned spikes and naked grain. The
awns were coarse, notched, 10 cm long. The spike contained 68 grains, the
spikelets were trifloral.

The seed of this plant were seeded in 1948. The plants that developed
from these seed had the same morphological characteristics noted in 1947,

Thus, the form of barley obtained by grafting the embryo of Pallidum 45
barley twice onto the endosperm of trifurcetum has the characteristics of the
scion -~ coarse long awns and tall straw, as well as those of the stock —

e broad~leaf blade and naked grain. .

To introduce cat varieties resistant to loose smut [Ustilago'avenae],
we graftod in 1939 the embryo of Avena brevis onto the endosperm of the
Moskovskii A-315 variety, and”in 1941 —= embryo of the variety “Pobeda® onto
the endosperm of Avena brevis.

In both cases, no morphological variations were discovered in the year
of grafting. Nonetheless; the material obtained from the graftings was seeded
again the following years. As a result it was established that variations
in size and coloring of grain began to appear, in the first case -— in the

\
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3rd years‘and in the second u~~during the 2nd year (see table on pege 146).

The experiment conducted shows that variations result ifig f rom grafting
cannot always be sceen in the year the grafting is performed. Mcreover; they
may nct appear even in the second year of re-seeding. This can lead the re-
searcher to the false conclusion that it is impossible to obtain vegetative
hybrids. Meanwhile, in the seccond, and sometimes ever in the third year
following the grafting, the variations become evident.

In the given concrete case, variations in the embryo exposod to the i
ection of the stock endosperm occurred, positively, in the year of grafting.
But they, obviously, affected a small section of thé embryo cell, and, there~-
fore, were unable to appear in the first generation.

White and brown grains selected from a variant of the 1947 yield of
Pobeda variety on Av., brovis were seeded separately in the year 1948. A4s a

result, the white grains produéed plénts with white grein, and the brown ones
~ with brown grain., [begin p. 148]. .

Characteristics of grain by year cf consecutive seeding

Year of Crop years
Variant | grafting 1540 19471 1647 1948
Embryo of Av. brevis 1939 Variationss: | Grain Grain Grain en
oats grafted onto none white small, Mass. gray,-
endosperm of Moskova. : and gray, a separate
skil A«315 variety brown | few large grains,
' and white large,
gre.ins _ white
Embryo of oat variety 1941 P ee- Varia-| Grain Grain
Pobeda grafted onto , tionss} large,t-. - large, en.
endosperm of none | whito.and nass brown,
Av. brevis ‘ brown scparate
- ' grains
white

No less interesting was tho case of partiel variation in embryo cells under
the influence of the stock (endosperm), which we observed in tho transplanta-
tion of the embryo of Pobeda variety onto the endosperm of the variety Golden
Rain. Here also mo variaticne were noticed in the year of grafting, and in
the following year the grafting was repeated. Fifteen plants were obtained
and it was establishod that the color of their grain varied. In addition, a
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a sharp variation in the color of gfain was cbserved on a single piant, except
that it appeared “in different stems. Thus, in 14 plants ocut of 15, the grain
of the center panicles was yellow, and only in one case it was a pals yellow,
yet on the side panicles it was white. Consequently the plgment of grain
varies in one and the same pianvs.

vUNCLUbION

On the basis of the moterial acquired on vegetative hybridiz&tion, we
aro of tho opinion that vegetative hybrids of -cereals can be obtalned
perfectly by embryoc transplantation.

Experiments show that the ombryo df grain'of one form, fecding on the
ready plastic substances on the endosperm of "another fcrms changes 1ts
hereditary properties in favor of the latter.

Howrever, the variations aro not always observed in the year the grafting
is performed. Morocver, changed conditions of embryc nutriticn may produce
a different offecet on the same plant.

Changes in tho scion in favor of the stock depend on the length of time
the ombryo feeds on the plastic substances of the stock, and on the degrece of
influence exerted by substances of the changod scction of the embryjo upon
the gencral procoss leading to the formation of roproductive colls.

In our expcriments, repoated grafting produced, as a rule, sharp changes.
tho most profound action exorted by the stock upon thc scion was revéaled in
"tho reproductive organs and tronsmitted to the following gencrations.

A. E. OSIPOV

Riazanskain Sclekitsionnaic Stantsiia
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ILIARIONGV, V. F.

Vegetativnaie Gibridizatsiia Rzhi
s Ozimoj. Pshenitsei

[Vegetative Hybridizetion between Rye and
Winter Wheat].

Selektsiia i Semenovodst¥o, 15(11};31-41
November 1948 ' 61.9 Seb

VEGBTATIVE HYBRIDIZATION BETU/EEN
RYE AND TJ/INTER 1HEAT

[Fundamentals of Topic]

The study of verieties and forms derived by the Iaruslav State Selection
Station from the universal collsction of Vir [All-Union Institute of Plant
Industry] and from other localities of the USSR has demonstrated that it is
an illusion to anticipate the finding of ready-made, highly winter-hardy forms
O fit for production in the Iaroslav Region.

In three years of work at the station (from 1937 through 1940), more
than 700 specimens of the 1029 planted in the original selection nurseries
perished completely while still in the ground, and the rest provéd inferior,
according to & series of economic and biological characteristics.

Being familiar with I. V. Michurin's work on vegetative hybridization
of fruit trees, we decided to apply the same method to selection of Gramineee.

Methods and Technics of Vegetative
Hybridization of Gramineae

The Iaroslav State Selection Station had to conduct experimental work
independently, in order to develop grafting technics of Gramineae (1940-1941).
The work of grafting began August 15, 1940 and lasted until May 15, 1941.

The grafting was carried out by two ﬁechnlclans, under the supervision
of the author of the present article, and involved various modifications in
the characteristics of %the experimental objects [Gramineae species used]

“le searched for the following experimental conditions: [begin p. 32]

O 1. Stages of develcpment of the graft components at which
normal coalescence of the latter is ensured.
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2. Best method of incision of plants to be grafted (form,
angle and direction),
3., Places &f incision on graft components {surface level

" of incision).
4, Methods of junction of coalescent plants.

5. Substances strengthening the”junction of components and
ensuring their better coalescence. '

6. Optimal conditions of external environment for the
grafting and pest-grafting period t0 ensure better coalsscence
(temperature, light, moist chamber).

Without describing in detail the progress of our experimental work;
we shall pause here only to consider the conditions we have found to ensure
normal ccalescence cf the graft components == rye and wheat.

It was found that onoc-centimeter shouts are best for grafting. Under
laboratory conditions, (at a temperature of 16-18°C on moist soil) this stage
of develiopment i3 reached in rye on the 4-5th day after seeding, and in wheat
on the 5-6th day. To givé the graft plants an equal change, rye was seeded
24 hours later than wheat. :

The advantage of the given developmental phase of stock and scion for
grafting, we perceive in the weakness of differentiation of the tissues
and in their postembryonic character, The moment shoots have reached the
growth of 1.5 cm, the percentage of actual coalescence drops repidly. Yet
unstable coalescence of the components fails to ensure a completely normel
cycle of development of the vegetaﬁive’hybrida
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Fig. 1 = Internal structure of one-centimeter shoot
of Gramineas (rye and wheat)s (1) - central
embryonic rédicle, (2) - zone of actual
coalescence, (3) - epiblast, (4) ~ .Axillary
(supplementary) bud at point of growth, in
embryo, (5)-cyme, (6) - first leaf, (7) -
coleoptile: [The work ENDOSPERM appears
under (2)]. [Begin p.33]

010001-0

Trans. 520

-

Rye stocks and wheat scions have the structure depicted on fig. 1 when

they are in the phase of one-centimeter shoots.

In natural shoots the Yzone of division" between the root system and
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the stem can be easily dsfined with the naked eye. This zone is very import-
ant ifh the performance of wedge-shaped (klinevidnyil incisions on stock and
scion. The base of the wedge-shaped incision of the scion, out off in a
manner that it retains the largest possible part of the first leaf including
the tillefing point, must have the lower peint of the junction precisely in
this zone. No real coalescence of the components will ocour, if the incisions
of stock and scion are either too high above this zone or too low beneath it,
but instead other types of coalescence will take place: &) "dynamic" and b)
coalescence with the formation by the scion of its own root system. The latter
types do not ensure coalescence between the components whereby the scion

could utilize the root system of the stock of rye during the entire ontogeny,
since, to begin with, the life span of such hybrids does not axceed 1-2

months. However, in the second type of coalescence, the wheat scion will
utilize only the endosperm of the rye stock and later, having developed its

own root system, it will become self-sufficient as regards nutrition. The
reason for the origin of such two types of component coalescence can be ex~
plained by the tongie-shaped incisions on stock and scion, performed either
too high or too low.

Fig. 2 = Method and angle of incisidn of
sprouts of stock and secion.

In the case of an elevated incision of tie sprout in the stock, the first
leaf with the tillering point remains in the stock and develops into &
distinctly rye plant which a certain lapse of time throws off the scion,
feebly grown onto it. In the end result, it is immaterial just how the
cutting-off 6f the scion had been performed in relation to the "zone of actual
coanlescence™. Nonetheless, in such a case, the cutting-off of the scion
either too high, normally, or too low doos influence the character of the post-
grafting development of the components. It determines still other types of
coalescence and component development to be discussed below.

If the sprout of the stock has been cut too low, its first leaf (with
the tillering point) has been teken out of it, and the low cut scion, that
replaces it has at the base of its tongue-wedged incisidn its own first leaf
with the tillering point and a particle of root tissue. This particle of
root tissue of the scion develops into a distinct root system of the scion,
regardless of the fact that the coleoptiles of both components coalesce
normelly. This explains the above mentioned type of component coalescence.
Tt has the drewback that, in its particular case, the influence exerted by
the stock on the scion is temporary, and takes the form of & rye endosperm
being utilized by a wheat scion. The reconstruction of the physiological
basis is poor and loses its effect within the next 1-2 years. i

In this typo of component coalescence, the morphological variability
pertains only to the grain and also disappears rapidly.
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Fig. 3 =« Method of fastening graft com-
ponents with paraffin.

Equal in importance to the zno of actual coalescence of the components,
and to the oricntation as to how their cutting off affects the =z ne, is the
angle of incision of the stock and scicn shoots. "We have established tho
optimal size of the incision angle at 50-55° (fig. 2).

If this size is reduced, then the base of the wedge takes the shape
of the point and thus no longer houses the significant part of the first
leaf including the tillering point of scion and stock. If, however, they aro
left in their natural position when the incisi on is made. then they rogener-
ate intc distinet plants displaying tho charficteristics of coalescence and
subsequent development of vegetative hybrids.

(Begin p. 34] An angie of incision more blunt (above 55°) determines
the impossibility of fastening the components ab their junction, since the
coleoptile of the stock is then left at less than 2 mm which is Insufficient
for component coementing., so exceedingly important to coalescence. Yet, if
the giaft components were cut higher at tho given angle (so their coleoptiles
would recach 3 mm), then the base of thc first leaf with the tillering point
would not be cut out. In such a case component coalescence would proceed
differently with regérd to type, and conditions needed for normel grafting
would not be created.

Following the preparation and selection of sprouts of the stock and
scion, they were taken carefully from the box, and each pair was cut
separatcly. Tho cutting was performed with a sharp blade of a sédfety razor
in a place well lighted with cither electric or natural lighting. The cut-
off scion sprout was immoediately transferred to the place on the stock .
specially fitted for it. After this [the scion] must be pressed with one's
finger against the stock, and the junction of the cuts must be inundated
with melted technical paraffin. From this moment onward it is best that
two people perform the grafting operation: one presses the scion to the
stock, and the other pours a drop of melted pafaffin on the junction of the
cuts with a dissecting [proparoval'noil] ncedle. The paraffin congeals
rapidly, ocvering the eitiré junction of the cuts and firmly fastens the
grafted components (fig. 3).

Following tho grafting, the plants are planted in separate boxos filled
with soil storilizod with boiling water. The top layer of soil in the box
is carefully smoothod down and rolled out, so that following the planting
of the grafted plant; its incision junction covéred by paraffin would be
located on the surfacé immodiately above ground, This is nocessary for
purposes of obscrvition of post-grafting development and determination of
coalescence type. .

It is precisely the cheracter of coalescence of the grafted components

Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0



Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0

. (8) Trans. 520
\
\

that determines the specificity of subsequent development and the degree of
ultimate reciprocal influence between stock and scion.

The comlescence character of graft components is detcrmined not only
by the successful incision of the graft components, the size of the incision
angle, and the orientation of the wodge in its relation to the "zone of
actual coalescence®™, but also by the scloction of the stock and scicn. In
addition to conformity of age, it is ossential that tho colepptilc dieméters
and tho intornal structurc of tho first loaf of the componcnts ccincide.
Non-concurrence of the diameters of stock and scion coleoptiles is, &s &
rule, connected with the nonconformity of their first leaves and tillering
points in their general contours, as well as in the vascular conductive
system of the leaves.

Nonconformity of the given elements of the stock and scion cause either
complete non-coalescence of the latter, or entirely different types of
coalescence: 1) partial or chjmorical, 2) false, 3) doublo. Of all tho
given types, it is only "double coalcscence® that cnsurcs & radical ro-
organization of thc naturc of thc scion, whilc the two othor typos of
coalosconce mentioncd doterminc the developmont of abnofmal or chimeoric
plants with a lifo span that docs not oxcced 1-2 months. Later such plants

‘ oither perish or dcvclop o singlc stock — ryoc.

As a rosult, of tho onumerated six typcs of coalesconce of graft
components, [bogin p. 35] only two typos of coalescenco reproduce roal
vegetative hybrids. Howcver, cadéh of thesc two types of coaloescence produco
difforent typos of hybrid plants. Thorefore, wo cite the charactoristics
of all six types of coalescence of graft componcnts of the ryo stock and
the whoat scion, according to thc grafting tochnics and mothods developed
by us.

Fig. 4 - Schomc of incisions of stock and scion thet onsuros norma.l
coalesconce botwoon ryc and whoats
(1-3) - shoot of thc scion with tho tillering
point at the base of the incision (3);
(4) - arca of stock incision.

Fig. 5 = Morphological variation of a vecgotativo hybrid
as comparcd with the original forms: Viatka
ryec and Diurabl' wheat.

From loft to right -— Vioatka, Diurabl', and
vogetative hybrid.

. 1. Normel or Actual Coalcsconce Type.
This typc coalcsconco is obtained, if the grafting conditions enumerated

by us arc obdcrved. Angle of incision of graft compononts of stock 2nd
scion 50-55°. At the basc of tho wedge (ot its odge) of tho scion must bo
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lecated the first leaf including the tillering point of the sclon (fig.4).
The wedge-shaped incision of the scion and stock must be strictly oriented
with respect to the facet of division of the roots from~the stem of the
shoot or "zone of actual comlescence” of the components. The diameters of
graft components must coinecide not cnly in tho colooptile, butalso within
tho intormal comtours of thoir first loaves (soe fig. 1, 2, 3). Tho
vascular conducting systom of tho first lcaves of both components must also
coincidc.

Fulfillment of those conditions csteblishes complote contact botweon
tho corrosponding parts of stock and scion, as 2 rosult of which comploto
coalcsconco of the componcfits occurs within 4-5 days, with common metabolism
during thc ontiro ontogony.

{Bogin p. 36] Idontification of "actual coalesconco" typc and conduct
of hybrid gcncrations. Actual coalosconce can bc dotcrmined by tho following
indicatorss '

The incision junetion inundatoed by peraffin rests ovenly on top
of the soil (tho samo as when the plant was plantod after tho grafting).

On the 4-5th day the first (greon) loaf of the scion omorges from the
colooptile of tho scion and in future, continuos to develop normally. In
comparison with the non~grafted stock and scion, growth is strongly rctardod.
Tho horizontally arranged rootlets of the ryo stock continuc to grow longer
and to dcvolop; this bocomes apparcnt if thoy are brcken off carcfully from
the ground and onc of the rootlots is ploced inside a scvered stalk whoso
diemetor at tho opening is larger thon the diemeter of the rootlot.

The type of plant that develops is morphologically and physiologically
ossentially difforcnt from tho original parcnt forms, and posscsses special
rogularitiés afising in the subscquent dovolopmont of its futuro genocra-
tions (fig. 5).

Tho rye stock fails to dovclop & single fast-growing shoot [podgona]
until tho ond of the hybrid ontogeny. Tho scion forms o bushy growth
which is of the ryo typo, according to the mumbor of tho gonoral as well as
the productive stoms. '

On rogching maturity tho grain has a cloarly intormodiaté form and
structurc and at times surpasscs the parcnt forms by its sizo. It has a
docp furrow on the ventral [briushnoi] sidc and & transversc corrugation on
the dorsal side.  In the zoro gonoration the straw roscmbles more tho straw
of the ryo stock. Yot in the following genoration (in F1), whon the hybrid
plant dovolops on its own roots during tho entire ontogony, thc length of )
the straw is shortor by 40-50 cm under normal ficld conditions cf devclopment.
Spiko and structuro of tho strow also undergo essential changes in favor of
the scion, but the color of tho ripe straw and its girth aré sherply distinct
from thc scion as woll as from all other varictics of whoat.

Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0




Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0
(8) Trans. 520

On the whole, the grain in Fl undergoes & sharp change for the worse:
in ouf experiments the absolute wéight dropped from 42 gr. in Fo to 9-10 gr.
in Fy. By its external eppearance, the grain of this generation remained 2
sharp intermediate between the initial parent forms.

The stock of rye transmits the gray-green color of the grain with &
transverse crimp on its dorsal surface. In chowing the grain one perce?ves
the taste of rye. Segregation of new fofms of plants starts with the first!

generation in small amounts (less that 0.01% of the sentire generation). The

hybrid deviatives [vyshchepontsy] are of only one type each year, but
morphologically they are completely different in different years. Until
1945 (up to F,) cur vegetative hybrid of 1940/41 had & prepondorence of
hybrid deriva%ives of tho wheat and the intermediate type; in 1945, however,
in the fourth generation of the hybrid, there appeared a Ysplintor-hybrid
in & considerable quantity (up to 0.01%) from the entirc generation. "The
straw of the latter was 45-50 cm taller than that of the hybrid plant.
Morphologicaily, the spike also wgs ryo<shaped and complctely sterile,

The hybrid derivatives of the wheat type produced but two fertile forms
— in 1942 and in 1946. The first proved of 1ittle valuc cconomically, but
the hybrid derivative of 1946 displayoed 2 scrics of cconomically and
biologically valuable characteristics (high wintor hardinoss and productivity
in 1946/47). This hybrid derivativo propagptes.

From 1942 up to tho prosent, the morphology of the spikc and of the
plant as a whole has undergone no esscntial variation in the given vegeta-
tive hybrid, with tho cxception”of somc variation in tho le ngth of the
hybrid's straw in cortcin years. The grain, howovor, continues to improvo
with cach successive gonoration from Fy (1942) until the present timo.

Practicing sclection since 1945 and cultivation of tho hybrid on a
high agricultural plene was responsible for reising succaessfully the
absolute weight of mass roproduction grain (unsortod) to an averago 37 gr,
with their physical properties boing greatly improvod. In 1947, whon tho
basic form of the vogotative hybrid was fully stabilized and the hybrid
dorivativo was absent from the plants as o whole, thcre evolved 10 now
dorivativo forms among the grain. Thoe latter diffored sharply from tho
mass raéproduction of tho hybrid of thc 1947 yicld, as woll as omong thom-
selves.

Thoy were developed by individual scloction from 30,000 typiecal spikes
of the hybrid which has beon sclected preliminarily ffom mass roproduction
and had boon threshod spike by spikc, in a laboratory. Variotion of ono
form from tho other, as well as from the grain of mass réproduction wes

‘distinguishod by tho following charactoristic: [Begin p. 371

8) tho color of thc grain variocs from rod to reddish gray, thon
to ycllow, and finally to whito;

b) the structurc of thc groin virics from puro glassincss Yo
intcrmodicte [promezhutochnuiu) and finally to a starchy one:
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c) +the absolute weight of grain varies from 37 gr for the entire
given reproduction of 1947, to 62 gr in some newly isolated forms;

d) the shape of the grain in hybrid derivatives veried fron
short to normal and to long.

The extent of veriability in the hybrid derivatives among grain is,
on the whole, no less than the variation occurring in this characteristic
in the individual varieties of diverse ecological origin.

The common characteristic of the grain in these hybrid derivatives and
of the basic hybrid form is merely the polyspermy of grain found in the
spike (from 52 to 90 grains), whilc tho doop furrow noted oarlicr — &
nogative charactoristic which so persistently accompaniod tho grein of tho
hybrid in every gonoration -— was not found in all hybrid dorivatives.

This varicty of form in tho grain of the hybrid derivativcs of the
1947 vogotative hybrid shows clearly how deeply the heroditary nature of
wheat plants is altcred by the method of vegetative hybridization. It is
possible that this spocificity cmorged in forms nowly isolatecd in 1947,
will romain a hereditary [oharacteristics] in subscquent gencrations; and
not only with rospoct to thc grain, but also in the plant as a whole.
The lattor wo are ablo to confirm by the fact that thc scod of tho givon
hybrids derivatives sown for the purposo of forced propegation undor
laboratory conditions produccd & variety of sprouts. Under analogous
socoding conditions and enviromnmont as e whole, some forms produced sprouts
by 1.5 full days oarlicr than othcrs. Howover, in point of cheractcr of
plant structure, ratc of growth, and dovelopment, each form of the hybrids
dorivativos was notably differcent from mess roproduction and also from onc
another.

We arc deéply convinced that tho horeditary basis of Gremincac is so
“profoundly altercd undor the influcnco of vogetative hybridization that
in the courso of gencrations thcrc evolve now forms of plants cvon in
instancos whon the sceding had beon carriod out in the form of purc lines
(by family). Honco vegetative hybridization is intcresting not only
from the production aspect, but also from tho point of view of variocty
formation within tho confincs of the family Gramincoo.

Fig. 6 - Process of dovclopment of a vegetative hybrid
of the "double coalcscenco type". -
From tho left ~ryec, from the right -—- wheat.
On fig. 1, left, is scen a gop and rogoncration
of thé colcoptile of tho stock into a distinct
plant. : '
On tho last figurc, right — colcoptiles have
beon romoved artificially so that the general
base of the hybrid could be scon.
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2. Typo of Double Coalesconco of Componcnts

In rogard to mothod and %tochnics, tho charactoristic conditions for
the given type of coalescence are the following: similar %o first varient,
the incision angle in the stock is made a little larger (by 10-15 degrees)
than the incidion angle of the scion, when stock and scion componecnts 4re
boing cut off. The scion, put in the wedge-shaped pocket of the stock, fails
to fill it out and leavos an cmpty gop (as largé as the difference botweon
the incision cngles in the stock and the scion). The given gap is loft
only on onc sidc, while the other side of tThe componcnts’ junction (as well
as their first leavds) was arranged to match perfectly at the junction
(fig. 6). [Begin p. 38]

Fig. 7 - lLoft — hybrid of “doublo * “éenlesconces
(1) - whoot; (2) - ryc; (3) = grain of
ryc, {(4) - root systom of ryoc.

Right = hybrid of "singlc coalosccnco®;
(1) - whoat; (2) - grain of rye; (3) -
root systom of ryoe. ‘ '

&

Paraffin coating of the compcnents is hcro applicd solely on that
side of the compondnt junction wherc therc is no gop botweon the colcoptiles
of stock and scion. Coalescence occurs on tho side of component colcoptiles
thot hed beon fittod togethor on tho opposite side of the gap. Horo coalasce
nlso the parts of thc first loaves with the tillering points of the conmponcnts.
Yot tho othor sido, tho ono with the gap, which had not coalesced and had not
bocn inundated with paraffin, produces germination in the colooptilo of tho
ryo stock which rogenorates into 2 distinct plant, developing side by sido
with the whoat scion within tho limits of onc hybrid plant. Doublc coales-
cenco is produccd in this menner: the whoat scion on the stock and root
system of ryo grows together "in thc zonc of actual coalesconce™, and in
nddition maintains a latoral contact with the stock of ryo which had re-
gonerated into 4 plant on tho sido with the gop, from onc half of the stock
colcoptile (fig. 7). '

In €heir further development, the rye and whoat halves of such a
"chimerieal plant™ oxert great influcnce on onc another, as o result of which
o diminishing of the differences in the color of leavos and in structurc of
stem is notod.

The groin is of an intormodiate type, whilo its coldr is partially do-
rived from rye, but diffors esscntially from that of ryc. Thero is an
cven greater doviation of the color of theso grains, as well as of their
form and structuro, from the grein of tho scion grown on its own roots.

Froguently the given typc of hybrid plants (double conlescence) is
formcd also by othcr moans: a plant of ryc stock develops not by rogencration
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from the stock coleoptile in the lowor part of the gap, but from the sprout-

ing of tho first loaf of the stock, loft in part if thd stock whilc a shoot
was being cut off at the time of grafting (sec fig. 1). A ccrtain part of
the fifst leaf of tho stock always remains whon incisions are made by our
method. [bogin p. 39] Howcvor, in componcnt coclesconce of tho first

typc (actual single coalosconce), this part of ryc, having coaldscod 1is
dcpressed by the scion and fails to regencrate into a rye plant. Yet, in
the ovent of "double conlesconcoe™, tho part of the first leaf loft in the
stock bogins to sprout on thc side with the gop and doveclops into & distinct
plant. Tho lattcr, howevor, meintains complete organic relationship and has
cormon metabolism with tho scion through the coalosconce at the other side
and at the lowcr part of the incision.

In the zoro gencration, the scod of vegctative hybrids of the first and
of thc given types of coclecscence aro, in all characteristics, ossontially
diffcrent from their parent” forms (Sandomirko-Al'bidum and tho Viatko ryo),
as well as fron one another. In addition, a higher degrcoc of hybridity is
acquired by the sced of Mdouble coclosconce"” hybrids which, during their
formation, had been oxposcd not only to the influoncc of plasme and root
nutrition of tho rye stock, but also to strong action of the leafy surface
of tho stock. If parts of o hybrid enjoyed common metabolism then the
latter [leafy surface] performed the role of & michurin mentor, which was
graphically expressed also in the morphological specificity of the hybrid
seed. The latter showed a strong change in all their basic characteristics,
such ass color, form, structure and size — as comparéd with the original
parent forms (Sandomirka-Al'bidum and the rye Viatka). Besides, it must
be kept in mind that the conditions of their external envirorment were
analogous during their whole ontogeny.

The regularities for obtaining such vegetative hybrids of double

coalescence (chimerical plants) have been investigated By the Station and
[this information is] made awaileble to us upon request.

3. Dynamie¢ Coalescence Type

' In casc the shoot of a rye stock is cut rather high, so that the base
of its first leaf and the tillering point romein partially in it, and if the
scion has also rotained these very parts, then 2 spocial typo of coalescence

will occur, if contact O6f the corrosponding parts is eonsured at the junction
of tho graft componcnts.

Coalcscencc of plants grafted by such 2 method is stable, but thoro
occurs & doublc growth — tho “lower growth" normal in cerocals and tho un-
usuel top growth. In plants graftced by such a mothod, an clovation is
obscrved in tho paraffin bond on theo soil, since tho first lcaf of tho
stock, which was not cut off, grows and pushes upward the &cion which had
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‘grown onto it. Yet tho lattor, having its own baso in the form of a first
leaf and tillering point, grown together on thoso same parts of the stock,
is growing indepcndently at the bottom, but, with respect to tho general
habits of tho hybrid, an uppor growth is obtainod. As a rosult of such &
type of coalescenco, normal dovclopment of the graft componcnts is not
obtained during the period of ontogeny. Tho plent as a whole loses normelcey,
bogins to look poor and fragile — and perishes at the end of 1-2 months,
or dovelops into a plant of tho stock typo. Somotimes the death of such
plents is hastened by the appearancc of fast-growing shoots of tho Stock
which form branchos on the 8=10th day of lifo following germinotion. All
onorgy of dcvelopment is concentrated horc at tho“oxpense of tho stem on
which the scion that hos coalesced with it, grows.

4. Typo of Conlescencc in which the Scion Forms Its
Own Root System

Conditions unddr which tho type of conlesconce forms have, in part,
boen outlined sbove. It occurs in lowored incisions of the stock and the
scion, whon tho scion, having retained a particle of root tissue -in addition
to the first leaf with tho tilloring point, is placcd in the lowored incision
of the stock (overlopping the zono of actual conlescenco). This particlo
of root tissuc regeneratos into o distinct rootlet sprouting through the
ncek of tho root of the ryo stock cnd devcloping into 2 complate root system.
Tho coleoptile of both graft compononts coalcsco well in the absence of
coalesconce of thoir first leaves; this complicotes the identification of
this type of coalescencc, 48, in coertain rospects, the lattor begins to bear
a rosomblanco t5 the first type of "actual coalcscence” of tho componcnts
deseribed by us.

Hybrids of thosc two typos of coalcscenco differ as to the following
charocteristics:

a) Bosides accuragy of incision as to depth, in

the first type of "actuzl coeslesccnce”, complete
contact was cstablished not only with the coleep-
tilo, but also with the first leaves, indluding

“tillering points of the graft componcnts. On tho
strength of this, common motabolism betweon the
stock and scion is cstablished immediately after tho
grafting, and on thc 4~5th day thé first leaf of the
scion omerges from its coldoptilo. The rootlot of
tho stock (ryo) also grows. [bogin p. 40]

b) In tho lattor type, tho componcnt colcoptile alone
coalesced, their first leavos with the tillering
points did nét coanlcsco and common metabolism was
not obtainocd. Bccousc of this, tho first leaf of
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the scion doos not cmorge from its coleoptile
beforoc 20-22 days, not before its own rootlet
has formed. In this typo of coalesccnco, the
whoat scion merely utilizes the ondosperm of

the rye stock; but later it turns to its own
root for "wheat" nutrition, since the root sys-
ton of rye foils to develop. In esscnce, the
given type of coalosconcce is analogous with
tronsplontation of a wheat cmbryo onto tho endo-
sporm”of a rye grain, with the embryo cut out

of it. Ananlogous are also the rcsults obtained,
thoir offect is nogligible, for the influence
excrtcd by the stock on the scion is a tcmporary
manifcstation in tho form of a single ondosperi
of a rye stock boing utilized by 2 wheat scion.

In vogotative hybrids of ryo ond whoot dorived from "actucl coalescenco®,
the stock influonce of the scion is not, however, limited to the endosperm
of the stock alone, but is rcinforced, in addition, by the root nutrients
of the stock in the comsleseonce of tho componcnt colls at tho incision
junction.

5. Type of "Partinl" or “Chimerical®™ Coalosconco.

The typo of. "partial® or "chimerical™ coalcsconcc takes place in an
elovated cut of the shoots of stock ond scion and the subsequent complete
contact of thoir coleptiles, and the partial contact of their first lecaves
including the tillering points. This type of coalosccnce produces plants
basically of the stock, but thoroc is on the first leaf of tho lattor a
part of thc functioning leaf of the scion. Tho leaf of the scion coalesecs
either firmly (when the vascular conductive systems of both lcaves coincido),
or infirmly (whon this coincidencc has not bcen achicved). In the latter
casc, tho lcaf of the scion functions but a month and then dies without fall-
ing off of the stock. From componcnts thus coclescod it is graphically
apparent that conjunction (joining), not only of the genoral contours of the
first lcaves of tho components, but also of tho vascular conductive systems
of the first ldaves is a roquisite for the normal dcvclopment of a hybrid
after grafting. This aspect complicates, to o large cxtent, grafting
operations on ccroals in the givon phaso of their dovelopment, mokos them o
subject of accurate, qualified work in which oxporionce, slowly goined, will
be of groat significancc.

-

6. "Falso" Coalecsccnce Type.

Falsc coalcsconco between scion and stock takes placo whon the incision
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of & shoot of thé stock is elevatad and the incisions of the scion vary

{any way at all). The appearance of this type of coalescence can be ex-
plained only by careless hahdling of the cut-off stock when held between

the fingers during grafting. Pressing of the cut-off shoot slightly between
the fingers causes displacement of the incision level of its first leaf
situated within the coleoptile though poorly attached to the latter. Hence
contact between the scion and thc stock can be established only in a part

of the colcoptiles which normally do not coalesce. The absence of contact
between the first leaves of tho components causes growth in tho first leef
of the stock, while the first leaf of the scion dries up and curls up within
its own coleoptile without leaving it. Iater, the first leaf of the stock
grows into the colooptile of the scion, penetrates it, and begins to

dovelop into a distinct plent of the stock which has only one colcoptile of
the scion grown onto. it. Then, due to pressurc from below, the curled up
first loaf of thc scion is thrown from its coleooptile by tho developing
first loaf of the stock which has grown through the coleoptile of the scion.
The efid result of such typo of coalosconce is the dovelopment of & stock
plant.. This type forms rarely and is hard to identify.

All of theso six types of coalcsconce havo becn well investigated by
the Station and their thoorotical and practicel production hes been adaptod.
Fivo of thom woro invostigated in 1940-1941, end tho sixth type — "doublo
coalosconce™ — was adapted in 1946-1947.

Tho valuable prectical rosults obtainod aro of scicntific end of
production intorcst, Wo arc unablo to dwoll hero on the conditions of
cxtornal cnvirommont of tho post-grafting period which perform an importent
rolo at tho critical point in thc existancoe of young hybrid plents. In-
flucnco cxortod on coalosccnco, on viability after grafting and on tho
subsoquent dcvelopment of hybrids, by such factdrs as light, hoat, moist
chembors, has boen studicd by us experimentally.

Wo shall sot forth thoso probloms, togethor with a litorary survey
of achiovement and of criticism of vegetative hybridization, in a specialized
work onhonced with detailed illustrations. :

It appears from our work thet the six typos of coalesconce vogetativo
hybrids of wheat and ryo, described end investigated by us, aro conditioned
entirély by the structural spocificity of the stom and the growth of ceroal
crops.

Absonce of the point of apical [vorkhushcchnoi chasti] growth in the
stem and any fullness within it, as it is found in dicotyledonous plents,
is rosponsible for the complexity and the nood of great accuracy in”groaft-
ing operations, including tho coordination of its separato elemonts. Regard=-
less of this fact, a certein share of tho success in the performance of
grefting opcrations, oven by an cxperionced worker, is alwnys subjoct to
hypothesis. Tho very existenco of the six types of coaloscenco, which we
have dascribod, and of which only two types produce real vegotative hybrids,
bospoaks the justice of the above statomont.
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CONCLUSIONS

Vogetative hybridization of cereal crops 1s a potential in deriving
now, highly valuable varieties and to produce new forms through "splingering”.

The first rye-wheat vogetative hybrid produced by the station in 1940-
1941 has become the Station's best variecty, surpassing in productivity all
varieities in competitive testing in the course of 4 years, and excceding
the productivity of control plants {standard] by 32.2% on the average in
3 yoars of tests. By decision of tho State Commission, it now has bcon
turncd over for tests to the State Scléction notwork of tho Iaroslav,
Kostroma, Ivanovo and Vladimir Rcgions.

Tho hybrid has a lcaf with a ryo pigment, high winter hardinoss, is
resistant to sclerosis, develops rapidly after sowing, sprouts oorly in“tho
spring, and has other oconomically ond biologically valuablo properties.

Tn 1948 it wos scedod on kolkhozos ncar thoe Station on an arca of 5.5 he;
in addition, it is being propagated at the Station.

A technological analysis of hybrid grain of the 1947 yicld, carried

out by the laboratory of grain tcchnology at the Institute of Groin Economy
of tho Non-Black Soil Bclt, has verified its superior proportics as to

.' milling ond brosd-boking; in its wot gluton contont, tho hybrid exceoded
its scion (Diurabl!' varicty) by 8%, and Sendomirka Iaroslavskain - —=.bost
variecty in tho Iaroslav Rcgion with respoct to thosc propertios — by 6.
In dry glutcn it surpassos tho Diurabl! varicty by 2.1% and Sandomirke by
1.5, in addition to other $upcrior hybrid-grain propertics with rospoct
to milling and broad-baking. The Station has produced othor vogctative
hybrids also: (F, and F botwoon Viatka ryc and Sandomirka Iaroslavskaia).
The conduct of these hybrids, in the arca of reorgrnization of their biolog-
jcal basis and tho inhoritance of parent properties, is a fepotition of tho
bohavior history of our vogetetive hybrid Diurbl' x Viatka. For instance,
tho zero gonoration rcferred to produced tall-growing plants, oqual in
hcight to ryé grown right therc for control purposcs, with o modified form
of tho spikc. Soed of this generation, hoving been sown for tho year 1949,
produced sprouts with violet colooptiles, rcsombling the color of rye
sprouts, while tho sprouts of the scion Sondomirka, as well as the majority
of whoat varicties have no such pigment whatsoever.

Our cight-ycar work of vogetetive hybridization of Gromineao enables
us to establish tho same regularitios, in thc formation and dovelopment of
vegetative hybrids botweon rye and wheat, that were so brilliently domon=
stroted By the greot transformor of tho nature of fruit peronnicls, I. V.
Michurin.

Jaroslavskaia Gosselekstantsiia
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GOLOVTSEV, L. A.  (1948)

-

Vegetative hybridization of Gramineae.

Agrobiologiia, 1948(1):153-157 [USDA 20 Ag822]

Abstract by R. Adelman

Experiments in Gramineae embryo transplentation were begun at the
Ivenovo Selection Station in 1939, but were interrupted due to World War II.

In the spring of 1946 the experiments were renewed with the following
varients:

1) the embryo of Ukrainka winter wheat was transplanted onto
the endosperm of Liutescence 62 spring wheat;

2) oembryo of hybrid Pionerka Koga onto the endosperm of Arnautka
Kochina hard spring wheat;

3) embryo of winter rye Tarashchanskaia IV onto the endosperm of
the spring wheat Tsezium III.

The gréin of the scion was cut with & rezor blade crosswise into two
equal parts. The smaller part was removod with pincers and the larger part
containing the embryo was soaked in cold water from 30-40 hours; later the
saturated semi-fluid endosperm was éxtracted fully from the grain, lecaving
only the ombryo with the grain coat. Thon an ombryo was cut out of a dry
grain of the stock, and the rcmaining ondosperm was put into the grain coat
of the scion, so that tho incision could be arranged to fit the cyme of the
ombryo. On thc surfacc thc grain coat was tied with thrcad so as to join

Following this opcration the graftodvgrains worc seeded in boxes in a
greonhouso.

Author describes their subscquont dovolopment carofully, giving time
of yoar whon grains woro sccded and whon new characteristics appoarcd.
Author stressos the fact that a change in characteristics can be ébtained
only if ombryo transplantation is porformed in & vegotating plant. A
conservative characteristic such as profusion of awns will fhot changec if
the ombryo transplantation is carricd out in a maturc grain. The oxcoss
of awns bogins to develop at & cortain stage of the embryonic process and
can be altered only at that particuldr stoge of dovclopmcnt by the sub-
stitution of unaccustomcd conditions.

k %k Kk ok sk Kk Xk

- -

KHMELEV, B. I.  (1950)

Transplantation of tho cmbryos of Gramlneao.

Doklady Akadomii Neuk SSSR, 70(5):909-912. Fcbruary li, 1950. (In
Russian) [USDA 511 P4444] -

Vscsoiuznyi Nauchno-Isslodovatcl'skii Institut Sokharnoi Svekly, Kiov.
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Abstract by R. Adelmen

Concomitantly with oxpcrimonts in vogetotive raprochement of whoat and
barléy, tho Institutc undortook to improvo the method of embryo transplanta=-
tion. The incentivo of the oxperimonts was spurrod by two factors — first,
bocause the method of cmbryo transplantetion has already grined widesproad
usc in thc country's Scloction Stations, and sccond, bécauso most investiga-
tors havc been gaining but o low porcentage of succoess. ‘

The author ropoats that the fundamentals underlying the mothod arc
Lysenko's toachings to tho offeet thet oxtorndl conditions assimiloted
by an orgonism cousc & change in its heredity. Author concludes with thc
assortion that the grafts accomplishod according to the improved mcthod
(moistoning of cmbryo and cndospcrm) inereasc not only the percontago of
succoess, the roto of growth, and tho viebility of the hybrids, but 2lso
the degreo of influcnce exorted by the stock upon tho scion. Articloe
includes tablc showing rosults.

k %k k k ¥k ¥ *

-

KHMELEV, B. I.  (1950)

Influcnce of size and omount of ondospormestocks upon the growth
of wvegotativo hybrids of Gromineac.

Soloktsiia i Somonovodstvo, 17(3):21-26. March, 1950. [USDA 61.9 Sc5]

Lbstroct by R. Adolmen

Procooding from thc premise that an appropriate change in the nutricnts
fod o young plant produces an adoquate choange in its hercditary propertics,
tho rosoarchers concorned dccided to usc the embryo transplantation mothod
in their oxperimonts with spring wheot.

Tho mothod consistod of the following: the combryc was cut off of tho
scion kerncl with the blade of a safoty razor and with due caro so as not
to injurc the cymo, yot to leave on it as little as possible of the endo-
sperm. Tho soparatcd ombryo was pasted with flour paste onto the ondo-
sperim stock in dry form on thc place whore its own cmbryo had boen romoved,
and then it was planted in sand or in soil.

Concurrently with the work on intraspecific and intragencric grafting
of wheat for the purpose of immediate improvement of regionalized varieties,
the experiments worked also on vegetative raprochement of wheat and barley
for the purpose of their subsequent crossing aimed at obtaining & more
producrive varisty of spring whwat. Here the problem wés a little different
due to the differcnt chomical composition of the barley.
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O

' In a second experiment, the embryos and endosperms were moistened before
they were grafted, and an offort was made to sclect large kernels. Articlo
includes a comparative table.

All-Union Scientific-Rescarch Instituto
for Sugar Boets [Vsesoiuznyi Nauchno-
Issledovateltskii Institute Sakharnoi
Svekly]
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KHMELEV, B. I.  (1952)

Vegotative raprochemcnt by mothod of embryo transplentation.

Seolektsiia i Somonovodstvo; 19(5)=10-15. May 1952. (In Russian)
{Librery of Congross SB 13 S54]

-

Abstract by R. Adeclman

In an offort to develop valuable hybrid material, thc Ivanovo Experie
mental Scloction Station conductcd investigations as to tho feasibility of”
improving cross-pollination action by the method of embrydé transplantation.
Herd and soft summor whoat scrved as cxpcrimental objcets.

They grafted the embrydés of one variety of whoat onto the cndosporms
of another varicty of wheat, The wvegotative hybrids obtaincd were cross-
brod with tho variety whosc ondosperm had bocn uscd in the capacity of tho
stock. The vogetative hybrid was always used as the pistilate plant, .
whilc thc common plants of the varicty used in the capecity of the stock
scrved as staminato material. Control plants werc crossbrod simultanoously
-~ thoy woro matcrnal plants regraftcd on thoir own ondosperm, or tho progony
of such plants (in the investigation of the first gonoration of vogotative
hybrids).

Dopending on cxisting conditions, the actual crossing was accomplishod
by ono of the following mcthodss: 1) conventional ertificial pollination,
2) "sclf-pollination® in large isolators, 3) limitcd pollination by the
wind.

Tho articlc has 8 tablos showing comparative results.

CONCLUSIONS™ (in full)
l. Vogetative raprochement by the method of embryo trans-
. plantation inereases cross-pollination capoacity of hard -
and soft wheats considerable; this incréasc is obscrved
in straight and in reciprocal graftings.
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2. An increase in tho percontage of fertilization is observed.
undor various mothods of pollindtion and under shorply
differont ccological conditions.

3. In onc~timo graftings thc increcasc in the percontage of
of fortilization is obscrvod in the crossing of Fy and in
tho crossing of Fy. "In tho latter caso the fertilization
percentoago is highor.

4, A two-fold graofting raiscs the percontagce of fertilization
higher than o onc-time grafting.

ko ok ok ok ok ok

- -

KUPERMAN, F. M.  (1939)

" Grafting technique for Graminese.
Iarovizatsiia, 1939(5-6)3147-150. September/December, 1939. (In
. Russian) [USDA 20 Ta7]

~ Abstract by R. Adelman

In early 1939, when the method of embryo transplantation was still
young, researchers at the Kabardino-Balkarskaia State Selection Station (In
City of Nal'chik) found that transplantation of sprouting embrycs was in-
expedient, and hence they concentrated on transplantation of embryos in a
dry state. They cut off the embryo, together with the cyme of a dry grain
and transferred it with a flattendd needle onto the endosperm of o grain
whose own embryo had been removed. They pasted the embryo to its now
endosperm with paste prepared from e purc cndosperm of a grain of the same
varioty on which tho tronsplantation was being performed. They sometimos
transplantcd two embryos on onc cndosperm and somctimos onc embryo on a
doublc endosporm, and found thet transplantation on"a doublo cndosporm
produced stronger plants than did control spceimens. For hybrid componcnts
they utilized "Liutcsconce 062" and "Timophccvi" wheats, barley, and
"Storling" maizc.

In tho fall of thoe samec ycor thoy conductod similar oxperiments with
wintor wheats. They took componcnts from “Zomka", "Stravropol'ka®,
"Sarybugda®” and "Timpheovi" whoat; for tho study of influcnco oxcrted by
nutrionts of difforont cndospcrms, thoy uscd cndospcrms from korncls of
barloy, couch gross, rice and maizo.

* %k k ok %k k% *k
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MEDVEDEVA, G. B. end BAZAVLUK, V. Tu. (1953)

An invcstigation of dircets offcets of cmbryo transplantation upon
form doveclopment in hybrids. ' ‘

Trudy Instituta Genetiki, no. 20, 1953, pp: 100-105. [USDA 442.9 P44]

Plent Brcoding Abstrocts, v. 24, no. 3, 1954

| Hybrids of the hard whoots Candicans 75/09 and Matica-Valcneio 89
with Kahotinskeia Votvistaia [Branching Kehctian] gove scgrogptes in rospeet
of grain charactcrs and branching habit. Some F, plants borc large end
vitroous groain of a quality oqual or supcrior to that of the hard whoat paront.
The perccntoge of plants with good quality grain inercascd whon embryos of °
the hybrids wero transplanted on to thc cndosperms of the hard wheat parent.”
This proctico, hewevor, rcducod tho percontage of plants with branching oars.
Similar grafts of the hybrid endosperms on Kahctinskaia Vetvistaia ineroasod
the number of plants with brdanching habit, but decreoascd the number with
grain of tho hard wheat typc.

‘ * ok % ok ¥k * %

NIKITENKO, G. F. (1949)

. News in mothod of wvegctative hybridization of Groamineao.
Scloktsiia i Scmonovodstvo, 16(11):22229. Novomber 1949, [USDA 61.9 So5]
(Mordovskeia Gossclckstentsiia MASSR).

Abstract by R. Ldclman

In an effort to obtain vogotativo hybrids of barlcy that could sorve as
initial matorial in developing a highly productive naked-grain varicty of
barley, the rcsoarchers solcctod the method of cmbryo transplantation.

For graft componcnts thoy sclocted the bost varictics of awnloss and
pronged [furkatnyo] barley, including thoso with naoked grain as woll as
thoso with coated oncs. 1In addition, they porformed repcated grafts”of the
sccond seed genoration on original forms — Pallidun and Trifurcatum.

Thoy usod the following technics. Eumbryo was cut off of graft compdnents
| with a safoty rozor. Incilsion wes madc most carcfully and closc to cymo.

In such casecs tho surface of tho cmbryo incision is o ncaly whitec and tho
slightly dorkor spot of its own ombryo can barcly bc scon through it.
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Tho ondosperms, rolioved of their cmbryos, worc notchod on the incision
surface with o safoty razor in two rceiprocally poerpondicular dircetion. The
embryos and endosperms were méistonod with wator (of room tomporaturc) and
tho transplontation comnenced. Embryos were pressod tightly agpinst the
surfacc of tho notched ond moistened ondosperm incision which, puffed up
from hydro-nction, took on the consistency of paste and thus facilitated
the pasting on of the ombryo quickly and fully.

To ensurc succcss in: ) compelling tho ombryo to assimilate uncccus-
tomed nutrients from the stock-endosperm; b) prolonging ondosporm action
upen ombryo; c¢) increasing the omount of plastic substancos assimilated by
the cmbryo from the endosperm~stock in the first stages of its development.

Since the above objectives called for a strengthened reciprocal influence
of the graft components, the researchers planted the grafted grain at a
greater depth (7-8cm), and increased artifically the amount of plastic matter
of the stock.

The conclusions drawn ares

1) that vegetative hybrids can bo obtained from barley;

2)  that new methods such as "deep planting" are discoverod
in thec process of experimontal work;

3) thet dirceted voriations ean be obtained in the year of
grafting;

4} hat the work concluded has producod valuablc forms of
barlcy hybrids (naked grein, good straw, cte);

5) that now forms boaring tho character of new formations
raisc certain qucstions of barley taxonomy and phylogony;

6) that vogotativo hybrids constitute good initial materiel
for seloction work.

% ok %k ko ok ok

PISAREV, V. B. and VINOGRADOVA, N. M. (1946)

-

Intergonoric hybridization in the foamily Gramincac.

Trudy Zonal'nogo Institutd Zornogo Khoziaistva Nochernozemnoi Polosy,
13:124-133. [Scl'khozgiz, Moscow, 19461 [USDA 106 272]

Abstract by R. Adclman

In 1941, thc authors conducted cxporiments by hybridizing cultural
whoat, barley and ryc with spocics of Elymus.

The work, commissioncd by Tsitsin, wos to bo conducted for tho purposo

*Editor of book.
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of finding methods that would simplify distent hybridization.

Preliminary experiments to hybridize species of Elymus with wheat and
barley proved that the success of such crossing was frequently thwarted by
the difficultiés involved in devoloplng an cmbryo that is alrcady in a state
of germination.

Other failurcs cncountcred by the authors and other rescarchhers; includ=
ing Quincke and Thompson, prompted them [tho authors] to look for & mothod of~
raprochement by biochemical charactecristies of gonera dosignated for crossing.

The Michurin mothod of prcliminary vegetetive rapprochmont was not tcch-
nically dovcloped for cerocal grafting, and thoir exporiments with this
practico also cndod in feilure.

Honec, they docided to try rociprocal transplantation of cmbryos of
onc speeies or goencera onto the ondosperm of another. Their motive for theso
cxperimonts werc tho rocont investigations conductcd by Schander, Kholodnyi
and others, on tho rolo of phytohormoncs placced in cndosporms of coreals,
and of theif influcnce on the dcovclopment of the embryo as wcll as on tho
grown plent.

Thoy worked with soft whoat and ryc which includcd ccotypos producing
a high porcentage of hybrid grain, as wcll as somo that do not cross at all.

The article includes & sccmingly adequatc account of the method omploycd
end & description of thec rcsults.

Cytologically only onc hybrid plant (summer wheat VEP,-X E. arcnarius)
had been investigatoed at the writing of thé prescnt article. Ezking into
considecration that the matcrnal form of Tr. wulgoaro had the chromosomo
2y = 42, and Elymus aronarius 2y = 56, thc hybrid wes found to have 2y =z 49

(Poddubnaia -Arnoldi).

The authors claim that they were the first to obtain normal, meturc,
first goneration plants from o cross betwecn soft wheat and E. arcnarius
in thc history of scloction.

There is further comparative data on the yicld of hybrids and control
plants.

* %k Kk ok %k %k %
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PISSAREV, V. E. and N. M. VINOGRADOVA (1946)

Intorgoneric hybridizetion in the grass family.

Trudy Zonil'nogo Instituta Zcrnogoe Khoziaistva Nochcrnozcemnoi Polosy
SSSR, vol. 13, 1946, pp: 124-133. [USDA 106 272]

- - -

Biologionl Abstrocts, v. 23, 1940 0. L. Stobbins, Jr., Abstractor]

The following method wos used to facilitate hybridization betweon
distinctly rolatecd spp. of grassos of tho tribo Hordecac. Using & safoty
rozor bledo, tho cmbryo and scutcllum, with as-thin a laycr of cndosperm
as possiblo, were cut away from dry scods of onc speceics, thon transforrecd
to scods of anothcr apecies, from which the ombryo had boon cut away, ond
attached with thc aid of a pastc mado from the flour of sécds bolonging
to the specics which scrved as the "stock" of tho "graft". Plants grown
from such "giaftod ombryos appcorcd normal cxcopt for tho charactor of
their greins. Plants of spring wheat var. Ilutcscens 062 grown from cmbryos
grafted onto ondosporm of spring ryo, hod scods of a dull gray color, lcss
vitrcous, moro angular, and more dccply furrowcd than sceds of control plants
of Lutcscons 062 raiscd under the some conditions. Chemical cnalysis showed
higher content of ‘N, protein, sugnr, and osk, and a lower contoent of starch
than tho controls. Gluton isolated from thom wos dark brown, s in ryc,
duc to difforent contcnt of tyrosin and a diffcorcnt activity of tyrosinaso,
and thoy contained the carbohydrate trifrucatosan CigHzgOyg, found normally
in rye but not in whoat. Thosc changes arc explained by the prosonce of
hormoncs dorived from the ryo cndosperm. Embryos from grafted plants wore
again grafted to tho ondospefm of ryc, oand the rosulting plants wero
pollinatcd with the samo var., yiclding 25% of scods as compered to 4% in
thé controls. Plants of Lutoscens 062 graftéd onto var. Aurora of ryo gave
19.8% of scods in crossing, os comparod to 2.8% in the controls. Spring
whoat 10H68 grown from ombryos graftod to tho endosporm of Elymus arcnarius
gave 5.2% of hybrid sccds with that specios as compared to 1.9% for tho
controls. Spring whoot from Finland grafted to E. aralcnsid gavo 18% of
soccd when crossed to that speéies, whilc controls govo nonc. Spring wheat
VIR22879 twico graftcd onto B. gigantous gave 6.2% sced when crossod to
that specics; onco graftod plants gave 2.3%. Embryos of Elymus graftod
onto whoat ofidosperm gave scedlings in 4-5 days as compared to 14-15 days.for
the controls. Pollination of wheat with pollon from Elymus grafted onto
wheat ondosporm goeve 17% hybrid greins, tho controls 0.4%. Most of thoso
groins had abortive ombryos and failoed to germinato, but onc sirong hybrid
of Finland spring whoot x Ei arcnarius ond cno of spring wheat VEPZ x E.
arcnarius grow to maturity. In vogetativé choractors they rosembled
Blynus, but thoir spikos woro intermediato. They hod 49 chromoscmos, tho
‘cxpccted number.
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PISSAREV, V. E. ond VINOGRADOVA, N. M. (1944)

Hybrids between wheat and Elymus.

Comptes Rendus (Doklady) de l'Academie des Sciences de 1'URSS, vol. 45,
no. 3, Oct. 30, 1944, pp: 129-132. [USDA 511 Pa44 ]

-

Plant Breeding Abstracts, v. 15, 1945

A method of grafting the embryo of one component of an intergeneric
cross on the endosperm of the other has been’applied in hybridization ex-
periments with wheat, barley, rye and Elymus. Wheat plants of the variety
Iutescens 62 produced by growth on the éndosperm of spring rye were
morphologically similar to the controls. The grain, however, differed from
that of the controls by its dull coloration and less vitreous appearance.
The chemical content of the grain of the grafted wheat approached that of
the spring ryo. An incrcased percentege of grain was obtained from crosses
botween grafted Lutescens 62 and the ryc; growth hormoncs in the ryec )
endosporm erc believed to be the chicf factor rosponsible for its incroasc.
In hybridization experiments involving wheat and Elymus tho best rosults
wore obtained in thosc casos where both male and female plants of one
componcnt hed bocn graftod on thc ondosporm of the othor. The hybrid socd
gave a very low porcentage of germination on account of tho abnormel
dcvolopment of thce ombryos. Vigorous plants, described as hybrids, have
howcver becn obtaincd. Thoso possoss leaves rescmbling thosc of Elymus
and spikcs of mixod type.

* ok Kk k Kk K ok

PLOTEIKOV, I. G. (1939)
Grafting technique for Gramincac (& proliminery report). - i

Tarovizatsiia, 1939(3):63-65. Iimy/Junc 1939. (In Russian) [USDA 20 Ia7]

Editor's commonts onlys

Plotnikov's article is interesting as a description of the first
attempts to greft Graminoac for vegoetative hybridization. It must be noted,
hewevor, that thc tcehnique uscd ecnnot as yct be considered as fully
dcveloped. Plotnikov's mothods hove cssontial shortcomings. In the first
nmcthod (transplantation of cmbryo) thc action of the stock may be insig-
nificant, sincc the scion fecds on its own rcot. In thc sccond mothod
(trensplantetion of shoot) the shoot may producc its own root and also fecd
on its own root. The third mcthod (grafting in tho surface node) is moro
promising, but hcrc the work was accomplished with adult plants ond con- E
scquently, the influence of the stock can assert itsclf in but o small dogree.

Tronslator's notc: It is intecresting that oditor quostioned author's
methods in 1939.
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RIURIKOV, N. A. (1948)

Summer wheat "Vegetative hybrid No. 1".

Selektsiia i Semenovodstvo, 15(7):36-39. July 1948. (In Russian)
[uspa 61.9 Ses5]

Abstract by R. Adelman

Preliminary work was begun in 1939. Seed were soeked in water and just
| as soon as, the embryos began to sprout — to peck through — they were
.- transplanted together with the cyme onto the kernel of another wheat
variety. With the operation completed the grain wére put in Petri dishes
under glass, but in a fow days the grafts perished.

After an interruption, the work vas renewed in 1944. In the new
experiment the grafted secd were planted in an open box in very moist soil.
and covercd with soil of normal moisture.” When the third leaf appoared,
the sced were planted in soil in the open.

‘ The article contains 4 tébles indicating positive and negative
characteristics of Hybrid No. 1 and analyzing its yield.

In conclision, the author states that the conduct and all indicators
of Hybrid No. 1 confirm the theoretical principles of Sovict agroebiological
science, and that cereal crops with peositivc economic characteristics can
bo obtained by moans of form modificatiom:

k ok ok ok k k %

SEKUM, P. F. (1949)

Vegotative hybrids among cercals.

Seloktsiia i Scmonovodstvo, 16(2):22-27. Fcbruery 1949. (In Russian)
{usps 61.9 Sco5]
(Moskovskeia Gosscloktstantsiia)

~ Abstract by R. Adelmon

Author indulgés to somc oxtent in pro Michurin-Lysonko and anti Meondel- -

Morgan propaganda. His oxperiments arc conducted along the line of Khmelov's.
‘ Tho émbryo of onc form of whoat wns graftcd onto the cndosperm of anothor
form. Thc cmbryo was pastod onto the alicn endosperm with pasto made of
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flour from tho wheat varioty of thc stock ondosporm. To prcvent the
formation of mold over the grafted arca whilo the grafts were germinating,
the cxperimontors pourcd collodium over it. Article includos 5 comparative
tables showing morphological characteristics of original forms and those
of hybrids, of growth intonsity and other variations.

Author cites other oxperimontors -— Brusnetsov, V. F. Illarionov,
Pisarov and Vinogradowo, otc. — whosc cxpcriments have bocn succoessful.

k ok ok Kk sk ok k

VATULIA, E. E. and KUCHUMOV, P. V. (1954)

Now forms of wheat obtained by the method of vegetative hybridization.

Agrobiologiia, 1954(3):68-72. July/hugust 1954 (In Russian)
(uspa 20 AgB22]

Abstract by R. Adelman

. Transplantation of wheat embryos onto cndosporms of ricc in inteorgencric
- grafting. Authors declarc that this mothod is not a new onc and they cite
W. P. Alccv, "Experiments in Changing the Noeturc of "heat by the Mothod
of Végotativo Hybridization", IAgrobiologiin, 1948(4):48-56. July/hugust
1948.

Muthors found that succoss dopended on coordination botwoon tho
accossibility of nutrionts of the rico ondosporm and tho ability of tho
whoat embryo to assimilato thenm.

Luthors oxporimented on rice grain with sprouts 1 to 10 m long; thoey
softoned tho kornols by soaking thon from 4 to 6 hours, sinco this procoss
fascilitatod tho romoval of thc ombryo. After cutting off the whoat
cmbryo with o razor blado, thoy placed it on the arco of the ineision
mado on the ricc ondospern whon its own cmbryo was rcioved. Then tho
grafted kornols were planted in vegetetive containcrs. Of the 50 grains
planted 38 grow satisfactorily.

The variations discovorod in the plants of thoe first goneration con-
vincod tho authors thot roal vogetative hybrids can bo obtained by transe
planting whoat ombryos on rice endosporms.” The bost and most productive
plants wero those of the fourth generation.

Tho high productivity of whout/}lco vegetative hybrids indicatces that
‘ _ thoy moy bo of scloetion wvaluc.

¥ %k % K ok ok K
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[Tho following four articlos aro includod for goncral intorost,
although thoy do not deal cspocially with corcal vogotative
hybridization].

-

BORKOVSKAIA, V. A. (1941)

Grafting hybrids and chimeras.

Iarovizatsiia, 1(34):78-83. January/?ebruary 1941. (In Russian)
(Uspa 20 Ia7]

Conclusions.s LTranslated by R. Adelmen]

1. In grafting, the most rapid and sharpest changes take place in
the young cells which have formed in the areea where the scion end the
stock grow together, since here their selectivity with regard to the
usual conditions of life can be realized least of all.

2e Clda tissues of the scion and the stock which have formed on their
own roots change considerably less and more slowly. But the number of

. accumulated changes in & young shoot, develop from such tissue, cen be
la rger in "incision" [srez] grafting than in grafting performed by the
usual method, since the removal of all assimilators of the scion mekes a
shoot, which is beginning to regenerate, dependant on the stock.

3. If sharp changes are to be obtained rapidly in a plant exposed to
the influence of the stock, then the method indicated for developing shoots
in the area where the scion and the stock grow together can be considered,
at the given stage, as the more effective one.

4. Changed plants obtained by grafting Solanum nigrum onto a "Shtofert"

tomato "by incision" [so srezom] are hybrids.  Their hybrid neture has been
proved by the intermediate cheracter of all characteristics combing the
generic peculiarities of the stock and the scion, and also by the sterility
in self-pollination inherent in the first generation of generically distant
hybrids.

* ok ok ok K ok ok

MEDINETS, V. D. (1951)

Properties of maternal organism in progeny of hybrids.

Selektsiia i Semenovodstvo, 18(7):3-12. July 1951. (In Russian)
‘ (USDA 61.9 Ses)

Abstract by'R. Adelman
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Article devoted to reciprocal hybrids of various crops, vegetablés and
animals, includes also observations on reciprocal hybrids of cereals. -
{p. 7-10]

In examining reciprocal influences that takes place between the embryo
and the endosperm, the author rejects the idea of "plasmatic heredity"”.
He subscribes to the theory that the organism develops new properties and
characteristics in accordance with the varying demends which it exacts of
its environment during the different stages of its growth. Considerable
space is given to the influence of the maternal orgenism and it is asserted
that the properties of the maternel organisms are more pronounced in cases
of free fertilization than in cases of artificial fertilization [pollination].

In conclusion the author justifies the opinion that the reproductive
process =~ process of fertilization and development of embryo - is an
entity [or union] of two forms of hybridization = the sexual and the
vegetative.

k k ok k ok K %

.' SEMENENKO, G. I.  (1952)

Chenge in nucleoprotein content in plants upon vegetative hybridization.

. . Biokhimiia 17(6)3:655,659. November-December, 1952. (In Russian)
“USDA Trans 511 [USDA 385 B523] -

Conclusions only, by R. Adelman

(Experiments were conducted with tomatoes of the "Margleb" variety;
eggplant of the "Delikates" variety; and the seed offspring obtained
from tomato/eggplant grafts]. '

In vegetative hybridization, substantial quantitative changes occur in
the phosphorus content of mucleoprotéins in the young growing orgens and
tissues of grafts and hybrid progeny.

In grafting tomatoes onto eggplant and vice versa, the change in the
phosphorus content in nucleoproteins in the leaves of the scion is in-
clined to favor the stock, and in the case of repeated grafting it increases.

In the seed progeny of vegetative hybrids, concurrently with a vigorous
manifestation of heterosis, an increased nucleoprotein content is observed
in the leaves, blossoms, tips of shoots and in the young seedlings of hybrid
plants as compared with the original [plant] forms.

* % % k % K %
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GLUSHCHENKO, I. E. (1950)

Hybridization of Plants by Grafting.

Uspekhi Soviemennoi Biologii 30(1)215-48, July/August 1950. (In Russian)
(USDA Trens. 512] [USDA 442.8 Er3|

-

Conclusion, By: R. Adelman

1. Vegetative hybrids show that simple heredity characteristics in
vegetative reproduction can, as Timiriazev assefted, turn into complex
heredity characteristics in sexual reproduction.

2. Experiments in vegetative hybridization show an inconsistency in ~
the chromosome theory of heredity the principle of which is cell from cell,
nucleus from nucleus, chromosome from chromosoms, gene from gene.

Vegetative hybrids convince one that somatic cells undergoing physio-
logical changes will, in the end, produce altered sexual cells. There is
no immortal embryonic course. There is & course of qualitative transforma-
tion of soma capable of forming sexual cells at a certain stage.

3. There is 4 similarity, & parallelism, between sexual and vegeta=-
tive hybridization. It is a fact that the second method, as well as the
first, will transmit any characteristics, any property from one compdnent
to the other. These properties become fixed in the seed generations.

4, Side by side with parallelism there exist differences. A typical
feature of vegetative hybrids is the different type of fission of character-
istiecs. Not only the plants vary in their basic characteristics, but a -~
sharply pronounced differentiation occurs [proxodit] within the organisi.

In vegetative hybrids the mixed type of heredity is basically intrinsic.

5. A characteristic of graft hybrids is the different form of manifesta=-
tion of property dominance. Plants with recessive characteristics often
produce offspring with dominant characteristics.

6 Crossbreeding carried out betwesen wvegetative hybrids and parents
with graft components and recessive characteristics demonstrate graphically
that dominant charactoristics may appear in the offspring. This indicates
that separate characteristics in hybrids are in & latent state and, under
appropriate conditions, develop subsequently in the offspring.

7. On the change in extornal morphological characteristics, a profound
reorganization of order takes place in hybrids, the character of cell struct-
ure changes in particular, plastids of various types appear in the cells.
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8. Biochemical investigations show that the majority of quantitative
and qualitative indicators of the second graft component — the mentor —
appear in the secd progeny.

9. Frequently the absence of visible changes observed in the yecar
of grafting does not denote an abdence of specific gqualitative changes in
the gonerative cells of the plant. Hence it follows that the progeny of
grafted plants must always bo investigated, even though no phenomenon o6f
variation in characteristics had been observed in the year of grafting.

10. It would be most primitive to think that as a result of grafting
one always has to look for grafts of the stock in the offspring of the
scion, or vice versa, to discover propérties, characteristics of the scion
in the offspring of fruit of the stock. Living [substance] constitute a
process of development, and every biological process does not know of
straight, direct changes. They are realized only in a long chain of
transformations.,

Besides the phenomena of straight hybridism (presence of the character-
istics of both parent components in the offspiing}, vegetative hybrids in-
clude also the phenomena of new formations, i.e. the creation of new

‘ characteristics frequently not inherent in either one of the graft components.
A pre-requisite for this is extreme instability, inconstancy of form,
frequently observed in intraspecific and, most often, in distant [Inter-
generic) graftings.

-
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‘'R. Adelman

Golovtsov, L. A,

Grafting Cereal Plants.

Agrobiologiia, 1952(5):80=90.
September/October 1952. 20 Ag822
(In Russian)

GRAFTING CEREAL PLANTS

The author believes that the Michurin method of vegetative hybridiza=-
tion would aid in the production of valuable varieties of grain crops. He
states, however, that this method is not as yet being used in cereal selec=~
tion because the hollow stalk of these plants presents a problem different
from that of woody plants.

. "~ To investigate this problem, the author and his colleagues were
guided by the hypothesis, that the plant changes under the influence of
external evironment.

They based their experiments on two principless first, modification
of organic nutrients during embryonic and postembryonic development of plant
by embryo transplantation, and second, coalescing embryo particles of various
species of cereals.

In their seven-year investigations they developed three methods of
vegetative hybridization:

1) transplantation of embryo on & mature grain;
2) trensplantation of an embryd particle;
3) method of the double mentor.

In the last five years investigators experimented with 92 different
combinations and cerried out ovér 50 thousand grafts, but they describe only
the more characteristic samples.

(1) Transplantation of embryo on & mature grain.

Frequently the embryo is cut off with a razor blade and is pasted
onto endosperm with some adhesive substance without providing for contact
between scion and stock or for conditions for feeding of embryo on the endo-
sperm. Such a graft deteriorates under influence of moisture and soon . it

w‘ perishes.
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R. Adelman

The author's method provides for cutting a dry grein with a rezor
blade on the tufted side and for soaking it in water at room temperature for
24=-30 hours, until the endosperm is in a semiliquid state, then it i re-
moved from the grain coat leaving only the embryo and the empty coat. Then
they take a dry grain on whose endosperm the graft is to be performed, wsut
off the embryo and put the dry endosperm under the coat of the scioh
(embryo) with the incision &djoining the cyme of the grafted embryo. They
use no adhesive substances. The place of junction of the émbryo and endo=-
sperm is covered tightly with the grain coat (of the scion). This close
relationship between embryo and endosperm is not disturbed until the endo-
sperm is fully utilized. The binding link is the grain coat itself, and
not an adhesive substance; coalescence reaches 100%. Seeding can be
carried out in a vessel containing moist soil. At optimel temperature,
sprouts appear in 5=8 deys.

There follows a description of the development of combinations of
different varieties, of the influence exerted by the endosperm on the
process of vernalization of winter wheat, and of the modification of
varietal characteristics under the influence of grafting on endosperms.

(2) Method of transplanting particle of embryo (Mentor).

Experimenters use . dry grein of both graft components and on the grain
of one of these, théy partially cut off, with a razor blade, the coat sur=
-rounding the émbryoc. Then they cut out of the naked embryo laterally, a
piece about 0.3-0.5"mm thick on the demarcation line between the initial
pedicle and rootlet. The depth of the incision is extended to the very
endosperm; pedicle and rcotlet of the embryo are completely separated.

Following the above, a particle of the embryo of living tissue (the
mentor) is cut from the dry grain of the other graft component in the form
of & wedge-shaped blade and .is placed in the incision mede in the first
grain. The grain coat is placéd over the embryo and its incision is
slightly flooded with paraffin., The embryo operated on represents a complex
formation in which the rcotlet and pedicle belong to a plant of one variéty,
and the meristem tissue connecting them == to a plant of another variety.

The grafts are seeded in boxes with moist soil covered with o 3=4
centimeter layer of well rinsed and calcined sand. The grafted grains are
in the layer of sand close to the surface of the soil, so that the gorminat-
ing rootlets enter the soil directly.

At optimal temperature and moisture, the embryo begins to grow; the
mentor particle begins to germinatc at the seame time and grows into the
embryo. Coalescence occurs in 5-6 days. Exact detormination of the spot
in the embryo on which the mentor particle is to be transplanted is of
utmost impdrtance. A slight deviation may result in failure of the trans-
plantation.
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-

(3) Method of double mentor.

Vegetative hybridization of cereals by the method of the Double Mentor
represents the combination of the two methods described = transplantation
of embryo onto an endodperm and insertion of a particle of the stock embryo
into it [first embryol.

Here, on one hand, the endosperm serves as o mentor, and on the other
hand, the cmbryo particle serves as a mentor. The grafting technics do
not change, but the experimenters perform two operations on one plant:
first, they graft an embryo on the endosperm, and then they insert an
embryo particle of that form on the endosperm of which the grafting is
performed.

By the double mentor method, they accomplished grafts betwsen winter
wheat and maize, with Khar'kovskeia 23 maize serving as mentor. They
soaked the wheat grain in water of room temperature, extracted the softened
endosperm from the grain aftér 30 hours of soaking, and inserted the dry
maize endosperm in its place. Since the grain of maize is much larger
than the grain of wheat, and is differently shaped, the maize endospefm

" was first rounded off and then inserted under the grain coat of wheat,
Having completed the first operation, they began the second one. Using
the method described earlier, they insérted the blade from the maize
embryo into the sprouting wheat embryo. By this method they made one
hundred grafts, using three control variants.

CONCLUSIONS

-

: 1. Vegetative hybridization can be realized by embryo trans-
plantation and by coalescing embryo particles of plants of different
varieties, species and even generoa and families.

2. By grafting an embryo onto an endosperm and, concomitantly, .
inserting into it [embryo] mentor particles, it is possible to produce in a
plant deep hereditary variation. '
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Kozarenko, M.

Some results from Vegetative
hybridization of cereals.
Zemledelie, 1954(2)¢114-115. (1954)
20 244

(In Russian)

SOME RESULTS FROM VEGETATIVE HYBRIDIZATION
OF CEREALS

In the Trunov Region, situated in the arid steppe of Stavropol!
Territory, spring wheat is often subject t6 incomplete respiration [zapal]
and, therefore, produces & low grain yield.

Proceeding from the principles of the agrobiological science of
Michurin, I set myself the task of improving the properties of grain in
winter wheat and the developing of a drought-resistant variety of spring
wheat equal to winter wheat in grain yield, by means of vegetative hybridiza-
tion. ’

For this purpose, I selected in 1948, the following perent pairs:
"Melianopus 69" x "Boroshilovskaia"; "Voroshilovskaia" x "Melianopus 69";
“"Kooperatorka" x "Melianopus 69"; "Melianopus 69" x "Kooperatorke";
"Melianopus 69" x "Coach grass-wheat hybrid", and a series of others.

We accomplished vegetative hybridization by joining the endosperms :
of two grains with germinating rootlets and sprouting pedicels of equal size.

We soaked the seed in water, making a point of first soaking those
seeds that had been sprouting for & longer period. We cut the sprouted
grain with a razor blade across the embryo. Thus we obtained two halves of
a8 grain: on one-half the rootlet, and on the other pedicel; wé left more of
the endosperm on the half which we selected as scion or stock. Then, we
joined the halves of grain with the rootlet (stock) and those with the
pedicel (scion) together, and planted them immediately in moist soil at
2 3-5 cm depth. "Watering was carried out before a shoot appeared above
the soil surface. Further care was the same as that given to grain crops,
seeded under field conditions. "By this method of growing together,
coalescence achieved was 80-90%.

In cases where spring wheat served as the stock and winter wheat as
the scion, all plants tillered well toward winter; overwintered completely,
plant§ developed better and ripened a few days earlier than their parent
forms.
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Whenever winter wheat was used as stock and spring wheat as scion, the
plants branched out strongly in the fall, but by the time spring came there
were left only separate specimens, and most of the plants that survived had
the characteristics of vernality.

It must be noted that the characteristics which appeared in the first
generation were retained in all ensuing generations. Of a series of hybrids.
which I obtained, only four wvegetative hybrids of winter wheat and three of
spring wheat presented considerable interest. These hybrids heve a numbér
of advantages over the regionalized wheat varieties in the Trunov Region.

The root system of vegetative hybrids is developed considerably better
than that in the "Voroshilovskaia" and "Odesskaia 3" varieties seeded
alongside of the hybrids. Besides, the 1952 crop of the vegetative hybrids
of winter wheat (No. 1, 3, 4, 5) sown for four years without being treated
[with fungicides] were not infected by loose smut or hard smut, while the
varieties of "Voroshilovskaia® and QOdesskaie 3" were affected by them.

According to morphological characteristics and grain properties, the
vegetative hybrids inherited the characteristics of the scion as well as
those of the stock. Thus, for instance, the glassiness of the grain of
vegetative hybrids of winter wheat is considerably higher than that of the

. winter wheat varieties of "Voroshilovskaia" and ®Koopératorka®™, but less
than that of the spring wheat variety "Melianopus 63",

| Vegetative hybrids surpass the regionaliied varieties of "Voroshilov-
| skaia"” and "Odesskeia 3" in the yield of grain also, calculating in centners
| of 8«9 per ha.

Table 1.
;
Veriety ! Yield by years
~ | (in o/ba)
! i
| 1951 ; 1952
. ey - ; -
Voroshilovskeia i .iiiiieesiiivar |} 9,7 ! 16:0
Adesskeia 3 .iev.iiiaeeneieiiiie ] SE ! 19:0
Vegetative hybrid No: 1 fi.icveis ! 180 ! 19:9
" " Noi 3 aiiieeris | 18:7 ! 22:4
" " No, 4 iiiviiies 14:3 i 2216
" " OHOW 5 aaiiieses | 15,0 ! 25.5
! '
1 1
1 1

[Fig.] Root system of vegetative hybrid No. 3 (right) -
and of wintor wheat variety Voroshilovekaia (left).
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In the fall of 1952, the four forms of vegetative hybrids obtained were
soeded on lots of 0.5 ha each. The regionalized variety "Odesskaia 3", was
seeded on a similar lot in control capacity.

Hybrid No. 1 yielded 14 centners, No. 3 — 16 ¢., No. 4 — 14.5 ¢.,
while the yicld of the "Odesskaia 3" variety came to 12 centners per he.
In the fall of 1953 the vegetative hybrids were seeded on a 15 ha lot for
the purpose of utilizing them as initial material in developing new
varieties, since they have the tendency to shatter {in the senie of seg-
regation] strongly during the first three years after grafting.

To improve thé hybrids obtained in 1949, we carried out selection
of plants ennually. In 1953 we derivéd from each hybrid two more varieties
which we seeded on separate test lots. Thus, I obtained six varieties with
distinguishing morphological characteristics.

In the Stavropol' Territory, spring wheat which produces & low yield
is being replaced by gray cereals.

In connection with this I tackled the task of developing & variety of
spring wheat by vegetative hybridizetion that would not only be as good
as gray cerceals, but just as good as winter crops.

For this purpose I 8elected in 1949, the following parent pairs for
vogetative hybridizetion. - »

I selectod the "Dzhugara" variety of sorghum for the stock, and for
the scion =~ tho spring wheat variety of "Palestinke" which yields up to
25=30 centners of grain per ha in the damp regions of the Stavropol!
Territory. The vegetative hybrid of spring wheat possessed the charactere
istics of both parents. It had a large spike, & stem &s hard as that in
sorghum, completely filled within with parenchyme and twice as thick as a
wheat stem. The root systom was also considcrably more vigorous than that
in ordinary wheat and, in addition; aerial roots appeared on many plants
in the form of a supplementary tier. The grain resembled that of spring
wheat in shape and color, but was considerably larger. In the absence '
of rain in the spring and early summer of 1950, the hybrid of spring wheat
prodiced normal grain, while spring wheat developed no spikes whatever that
year. We select annually the best plante from the young crop of the hybrid
of spring wheat. '

¥ - - P

‘In 1952, this hybrid reached tho height of 1.5 - 1.6 m.

The absolute weight of & grain of the 1951 and 1952 yield was 59 gr.,
the woight of grain‘abtqined from & single spike =~ 2.5 gr. In 1952, spike
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formation and maturing of grain wes noted in the spring wheat hybrid 10-12
days earlier than in spring wheat of the "Melianopus 69" variety.

In the second year of seeding, the plants of the vegotative hybrid of -
spring wheat yielded shatter-derivetives and produced fundamentally three
verieties distinct as to color of spike, number of awns and fullness of
grain. Heterosis of the vegotative mass of plants appeared in a higher
dogree from year to year. In 1953, this hybrid of spring whoat was sceded
on & lot of 120"squere m, and it conducted itself the same as in the
preceding years.

Judging this hybrid by its conduct, it can be expcocted that it Wwill
prove fully adoquate for cultivation of spring wheat in arid regions.
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Novoe v Izuchenii Gallovoi Nemﬁtody -
Heterodera marioni (Cornu. 1879) Goodey

(New aspects in the Study of the Root-knet ,
Nematode -~ Heterodera marieni (Corgu! l@?@) Gggggyj

Trudy Zoologicheskogo Instituta, Izdatel'stvo Akademii
Nauk SSSR, vol. 9, no. 2, 1951, pp: 4056-446. 410.9 L543

(Bidiogicheskii Institut Khar'kovskogo Gosudarstvennogo
Universiteta)

51 - WORKS OF THE ZOOLOGICAL INSTITUTE OF THE ACADEMY OF
SCIENCES, USSR - IX

The root-~knot nematode belongs to the most important parasites of agri-
cultural plants and represents a widely distributed form. Its glebal distri-
bution is conditioned by purely ecological factors: thé nematode now has in-
vaded every area where conditions are favorable for it. The thermophilic
cgpacity of the root-knot nemstode indicates that its place of origin was in
a very warm zons, but more in a subtropic than tropical one, since it survives
winter colds easily and is found in the ground in White Russia and near Moscow,
while tropical organisms are usuelly very suscéptible to low temperatures. In
colder areas it is found mostly in greenhouses. The absence of anabiotic
capacity in the larva of the root-knot nomatode indicates a probability that
its sourde was & moderately humid place, without sharp fluctuation in soil
moisture. :

There is no &vailable material that would aid in establishing the root-
knot nematode's place of origin with some exactness. The first mention of its
prevalence was made in 1855 when the nematode was found in a greenhouse in
Englend, but almost simultaneously (1857), it was identified in Floride, where
it already had been recognized as a dangerous parasite of agricultural plants;
and in 1885 the nematode was found in Java on sugarcane — an old world plant.
Its occurrence on wild flora alsc fails to indicate the indigenity of the
root-knot nematode. It possesses a very effective, although passive, method
for spreading and is very common in uncultivated soil.

Reports of occurrence of the root-knot nematode in virgin soil have been
received from America and Africa, and the author [of present article] has found
it in Ukraine in the Donets river area in meadows and pine forests where the soil
has never been tilled. The list of “hosts of the root-knot nematode includes
plants from every mrt of the world.

Morphology -and Developmenﬁ

A more detailed work on the morphology of the root-knot nematode is that of
Nagakura (1930); it contains a detailed description of the male and the mature
female, the other stages of development, however, are treated poorly. Brief de-
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scriptions of the nemetode can be found in ©ld monographs: Mueller (1884),
Stone and Smith (1898) and Bessey (1911). The illustrations of Stone and Smith
were used by I. N. Filip'ev in his abstract on nematodes (Filip'ev, 1934) and in
"Handbook on Zoology" (1937). Like those of other authors, these illustrations
are extremely simplified and schematic. The embryonic development of the root-
knot nematode had not been investigated; the postembryonic development had been
interpreted incorrectly until recently, and its clarificatioh has begun only
since the appearance of the work of Christie, and Cobb (1941).

The root-knot nematode is a heterotropic [geterotopnyi] parasite. The
larve which leaves the egg lives for some time in the soil, even though it does
not develop there — this is the preparasitic to invasion larva -copable of
penetrating into the root of & plant. Within the root the l&rva becomes an
internal tissue parasite of the plant and loses its motility. In meles motility
is restored after they have accomplished metamorphosis, while individudls which
are transformed into females remain immotile to the end of their lives. The
function of the organism as a while changes during ontogeny of the root-knmot
nematodes: the .basic function of preparasitic larve is to find and to invade a
host, that of parasitic larva — intensivé feeding and growth, and the function
of adult males and females — propagation. Naturally, the structure of the
different phases depends on their functional characteristics.

Fig. 1. - Map of global distribution of root-
knot nemetode compiled from available
data.

Embryonic and Post-Embryonic Devélop=-
ment of the Root-Knot Nematode.

Sexual Cells. The aggs of the root-knot nematode usually are kidney=-shaped,
slightly concave on one side. The dimensions of eggs fluctuate even in those
taken from one ovary [ooteka], consequently laid by one femnle for a short period
of time. The average dimensions of eggs were 92 x 40 unit* (all dimensions
given are as per author's measSurements). The eggs are supplied with two mem-
branes: external and internal. The first is isolated [vydeliaetsia] by the
sexual organs of the female and is a smooth homogemous shell, about 1 unitx
thick; the internal or y6lk membrane is isolated by the ovicell itself and rep-
resents a very thin film, The ovicell contains a large cyst nucleus, and in
its protoplasm are found many yolk orbits of a yellow-brown coloring. BEggs are
laid by the female in the ovary before they begin to granulate or in the very
first stages of granulation. Only on a visible depression of the females do the
eggs pass through embryonic development within fhe sex tubes, since the process

- of hatching eggs is difficult in thesé ffemales. Spermatozoons represent
- spherical cells 7«8 units*in diameter.

Fig. 2 = Eggs of the root-knot nematode in
different stages of embryonic development.
Invasion larva is visible in last phase,
lying in egg under cover of skin of the
larva of the first phase; from the right -
invasion larve upon leaving egg.

* ficron
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DEVELOPMENT. At first, granulation of the eggs of the root-knot nematode
is umiform; root-knot nematodes show no noticeable difference in thé size of
the first two blastomeres (described in the case of other nematodes). The
cleavage of both blastomeres occurs simulteneously, so that & four cell phase
forms immediately. Further, some cells granulate more rapldly, others more
slowly, -and in the phase of 10 or more blastomeres, it is possible to distinguish
the largér and darker cells of the endoderm from the llghter and smaller of the
ectoderm. Further, the difference between these embryonic’ layers increases still
more. As the embryo lengthens, there occurs clearly at the anterior part of its

.body, & separation of the light section composed of ectodermal cells — Stomadeum,

from which the digestive tract develops. Further elongation leads to tho forma=-
tion of a worm-shaped embryo (flg 2), coiled several times within the egg. The
final formation of the larva constitutes the longest stage of embryonic develop-
ment. The invasion larva which hes developed and assumed form, molts and then
crawl from. the egg through the opening which it has made at one of its narrow
ends. In contrast to description pertaining to the best nematode, no trophic
stimulants are needed for the exit of larvaes Iarvae effect their exit also in
perfectly pure weter. Eggs incapable of surviving aré found very rarely, usually
not more than 1-3% of their total number in the ovary.

POST: EMBRYONIC DEVELOPMENT. Much confusion has been observed in the
designation and interprétation of the developmental stages of larvae of the root-
knot nematode, {Béegin p. 4081 hence it is nceessary to dwell on this gquestion
in greater detail.. To begin with, thero is no unanimous. opinion as to what
stage of development 1nva31on larva constltutes when it leaves the egg. It is
usually referred to as the first, but I. N. Filip'ev calls it the socond; be-
cause he believes that the larva, whloh molts within the egg, constitutes the
first stage. Heving penetrated the root and turned to parasitism, the invasion
larvae change markedly, but they do not molt and still constitute the second
stage, if the larva within the egg is.considered as the first stagé. This is
the only prolonged phase during which the larva subsists and feeds. Nonetheless,
the changes which larvee undergo in their transition to a parasitic mode of
life arc so great, that within the root it is looked upon as the ensuing phase-
developed from invasion larvae by means of molting, and sometimes, even as two
larval phases.

Having reached full development and taken on the shape typical for the
root-knot nematode, with a pintail [shlp] at the end of its body, the larva
separates from the old cuticle, whioch constitutes its sécond molting, if the

‘molting within the egg is also taken into consideration. The larva lying with-

in the old skin will constitute the third stage; it molts anew during. transition
to the fourth stage which, under the éover of two skins, molts for the last time
and is transformed into an adult form. To illustrate the facts stated above,

we will present them in the form of a table showing how differént authors have
designated the atages of development of the root-knot nematode.
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1.

Stages of development of the root-knot nematode as pregented by difforcnt authors

Actual Stages of

devclopment of
the root-knot ncma-

Designation of {

thesc stages by
Filip'ev (1934)
"Hahdbook on

Dosignation by
other native
authors (Ustinov,
1939, Kobakhidzc,

Designation by
Nagakura (1930)
end Goodoy (1933)

‘todo | Zoology" (1937){ 1941, Brodskii
and _
Zomlianskaia
1946
1.  larva in egg First stago Considered as

prior to its
molting for
invasion

2. Invasion (pre-
parasitic) larvg

Same larva, but
ih state of
parasitism
(parasitic
larva)

Samc, at end

of its develop-
ment: strongly .
expanded and
with a pin-tail

Two moltings
within skin of

larva with teild

(third and
fourth larval
stages).

Socond sﬁagc

Third stage

Fourth stage

not noted

*§c00 orrata at ond of book

embryonic stage
of development

First stage

Second stage

Third stago

Not nqted

First stage

Second Stage

’

Sccond stage,
the final

Third stage (only
one molting noted)

. [Begin p. 409]

COMPARATIVE OUTLINE OF STRUCTURE OF ROOT-KNOT NEMATODE AT

DIFFERENT STAGES OF ITS DEVELOPMENT

BODY FORM. Tho structure of the root-knot nemetode changes strongly in the

process of ontogenctic development.

Preparasitic k rva escapcs the modifying

influcnce of parasitism and retains the structural characteristics typical of
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the group. Its body is cylindrically elongated, the anterior end is blunt, the
posterior end narrows down gradually and, at the very ond, forms a thin conic,
rounded tail. Tho transition to parasitism causcs a rapid modification of body
form. Thanks to the strong oxpansién of the intostines, the body of parasitic
larvo grows ovon more in width (fig.3). Considorable thickcning occurs only.

in that part of it where the intestines rest, whiloc the tail neithecr thickens
nor grows bigger, but turns into a tenon [shlp] at the posterior end of the
strongly expended body. The growth of larvae in length during their transition
to paratism is negligible. The bodies of young females are bottle-shapcd. Tho~
posterior part is an elongated oval, the neck is slightly sct off from the body.
Females in the state of puberty are poareshaped; the anterior part of their body
is drawn out onto the neck, the pésterior — oval or spheric, widely rounded.
The body of the male is elongated.

Fig. 3. = Second larval phase of the root-knot -
nematode after transition to parasitism.
Initial phase of parasitic larva; body is
expandod; bulbus fbul'bus] has incroased,
motility gone -

BODY DIMENSIONRS. The sizes of pre-parasitic larvaé fluctuatc from 380
to 460 units* in length and from 13 to 17 units* in width. The tail is about
65-70 units* long, i:6. it approximetely constitutes 15% of the ontire body
longth (alpha = 23). Measurements of 43 parasitic larvac in the final stago,
taken. from various plants, have shown that thoir body lengths fluctuate between
380 units* and 650 units*. The averago lecngth of tho body including the pin-
tail, measured 465 units* of which 40-45 units* were taken up by the pin-tail;
the averagc body diameter — 86 units*, The size of maturc females is morc
inconsistant. The length of propagating females is rarelys#. less than 500-600
units* or more than 1000 unitsx*, The females, however, strotch sometimes very

‘much and rcach & length of 1500 and evén 1700 units*, but there are also dwarf

females measuring 450 units* in length. The width of females is rarcly lcss
than 400 units* or more than 800 units*, but there are also strongly bulging
females which arc 1000 units* wide, and in dwarf females whose body length is
315 units*. The body length of females deperds on the elongation of the neck,
which sometimes, is drawn out extremely long. The length of males varied from
1l to 2 mm, but extreme sizes wero rarc and provalent measurements ran betweon
1300-1700 units*. Moasurcing 53 males from various populations, the average
length provoed 1515 units*, and the average body diameter — 30-35 unitsx. At
the anterior end the body narrows down to 11-13 unifs* at the base of the cap,
yet the tip of the cap is only 7 units* in diameter. At the posterior end
the body contracts less; at the base of the spicules its width reaches 20-22
units*. Looking at the tail from above or from beneath; theré is no further
contraction, but in profile the tail narrows down to 8 units*. [Begin p. 410]
The tail is short; the opening of the cloacas is 31tuated 8-15 units* forward
of its tip.

From the cxample citocd, it is apparent that a tremondéus increase in the
dimensions of the nematode body occurs during ontogeny (fig. 4). Taking the
averago measurcments of various stages of development and dssuming, for approxi-
mate calculations, that preparasitic larva is a cylindor 0.42 mm high and 0.016mm

* micron _
** Sec orrata at end of book
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in diameter, and using the formula for cdlculation of cylindrical dimensions,
woe will find that its dimensions equal 0,000084 mm3, 1In parasitism this phasc
oxpands rapidly, and the avcrago size of the ultimate phasc of parasitic larve
can, approximatoly, be accopted as o gylinder 0.43 fm~in height and 0.086 mm

in diemcter; its dimonsions will be 0.002496 mm®,-i.c., as compared to prepara-
sitic [larva], they will increase almost 30 times. Such an important increasc in
dimonsions without molting in the samo larval phaso, is & raro phonomcnon and,
therefore, until of late, the parasitic phasc was considered as the noxt larva
of tho nematode. After metamorphosis the femal ¢ bulges out &§till more. Taking,
approximatcely, the average size of thc fomale for & sphere 0.7 mm in diametes,
and using the ¢ofrosponding formula, we will find its dimensions to oqual
0.179594 mm, i.o., comparcd to preparasitié h rva, tho d imensions of the female
incrcasc more than 2000 times (2133 timos). Such an onormous incrcase in the
animal mass during ontogeny is typiecal of thosc parasites which settlo down in -
the oarly stages of development, since it is to their advantage that cach individ-
ual settling down have a minimal biomass, but that their quantity be maximal,
and, in this direction, the evolution of parasites is strongthoncd by natural
selection. The malc, doveloped in larval skins and boing smeller +than the ul-
tima phasc of parasitic larva, coases gréwing. Assuming, epproximately, that
the male is a very clongated cylinder, 1.5 mm long @and 0.032 mm in diameter, we
will find that its dimensions equal 0.001205 mu®, i.o. 140-150 times smallor
than the dimensions of the female. '

Fig. 4. - Ultimete phasc of parasitic lnrva of
the root-knot nematode bofore the be-
ginning of molting. Body vory expand-
ed, bulbus increascd cven more, tail
reduéed to pin at posterior end of
body. '

COVERING. Externally the body of the root-knot nematode is covered with
cuticle composed of two distinct -laycrs: thc ckternal ono, transparcnt, divided
by furrows into rings, and a thick intornal onc. Bencath the cuticle is located
the hypodermis, adjoined by longitudinal muscular colls most of which degoner-
ate in the parasitic phase. The thicdknoss of tho cuticle increcascs with ages
in larva it reachos 4 thicknoss of 1.3 units*, in tho malc tho cuticleo gains
in thickness up to 2.5 units*, and in thc teil-rogion — up to 4.5 units#*, but -
in femalos == up to 8~10 units*, and in tho bulbus roegion -~ up to 13-16 unitsx,
Ih proparasitic and parasitic larva thicknoss of the cuticle was identical [Bogin
p.411] and Nogekura's asscrtion that it grows thinner in parasitic larva is
orrongous. The cuticle of males with distinet rings is 2.5 units#*.wide; annula-
tion in young fomales is also apparent over their entire bodies, but it is
particularly distinct in the anterior part, and poorly visiblc at the posterior.
In adult fcmalcs thce annuldtion is noticeable only in the ncck rogion; the width
of their rings rcachcs 2«2.5 units*. Annulation in proparasitic larva can be
discovered only under great microscopic cnlargoment; the rings are vory indis-
tinet and very narrow, about 1 unit* in width.

HEAD~CAP. Thoe heoad ond of thc nematodc wecars a so-called head-cap, hamed
also hoad of the ncamtodc, which is divided from the body by & ring furrow, The
hcad~cap is wecll dovelopcd in the motilo phase — of proparasitic larve and the
malo, and it .grows much shorter, though still remains, in parasitic immotile

* micron
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phases. In invasion larva the height of the cap reaches 4-5-units*; in parasit-
ic larva it is reduced to 3 units*, and in the femRle to 2~2.5 unitex.In the
mele, the height of the head-cap reaches 5-7 units*. A relationship betwsen the
dimensions of the head-cap and motility is definite. Sometimes the cap is con-
sidered as an auxiliary organ of movement, assuming that it acts as a wedge. It
is possible that the reduction of the cap in parasitic phases is connected with
the reduction of the feceptacles [Retseptory] found on it, and with the general
reduction of the body.

Fig. 6. - Young female of the root-knot nematodé
. soon after finishing the last molting.
Body not yet much bulged out; transparent
cuticlé permits examination of internal
organs.

NUTRITIVE ORGANS. (fig. 5). They begin with the spear or stilet of the
‘mouth, situated in the cavity of the mouth. The spear represents a thickened,
hardened distal [disteltnaie] part of the chitinized internal tube of the
esophagus and is punctured in the center by a canal passing directly into the
"canal of this tube. The esophagus which proceeds from the spear is composed
of three sections: the anterior, the narrowest; the center or bulbus, of a more
or less powerful muscular formation, and the posterior — glandular. Behind the
esophagus rests the center intestine which passes into the sharply narrowed
posterior intestine opening up as an anal aperture. The anterior in-take sec-
tions of the feeding organs are weak in invasion larva, the intestine is narrow;
upon transition to parasitism, the strength and d imensions of all nutritive
organs increase sharply, but in adult females they grow most powerful. 1In males,
the nutrition organs again grow weaker. [Begin p. 412] 1In all phases of de~
velopment, the root-knot nematode can feed on liquid food only, absorbing it
through the stilet with the aid of bulbus contraction. The esophagus glands
eliminate secretion which passes through the stilet and conditions extra-intes-
tinal digestion, disolving the food before it entefs the intestine; this method
of digesting food is highly prevalent in nematodes.

THE STILET. The stilet is long and thin in prepardsitic larve; its length
varies from 12 to 14 units*, its width is about 1 unit*{ Basal protuberances
located at the base of the spear form an expansion of 2.6-~3 units*. The spear
has parallel little walls and is pointed only at the top. The stilet remalns in

. parasitic larva as it was in preparasitic larva, since no molting oceurs du

the 6ld spear could be cast off together with the cuticle and & new one could
form. Nagakura's claim, rewritten by Filip'ev (1934), that the spear in larva
wi thin the root grows smaller is clearly erroneous. In females the spear be-
comes considerably more powerful; its length reaches 16-17 unitsx; the posterior
part of the spear is cylindrical, the anterior part conic; basdl protuberances
gtand out at the base of the spear in the form 6f three bulges. The thickness
of the cylindrical part of the spear méasures 2.5 units*, but at the base, in
the area of basal protuberances — 5-5.5 units*. The measurements of spears in
femnles cited by different authors are very distinct; this prompted Filip'ev

to presume that different races of the root-knot nematode are prevalent in dif=-
ferent countries. The figures of some author, however, are clearly orroneous
and their measuréments are-refutods by further investigations of nematodes in
the same country. The length of the spear in female nemdtodes wos in Sukhumi

* micron
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the seme as in the USA, according to later and more accurate measuréments accom-
plished there. The stilet in males is longef, from 18 to 23 units*. Form and
width of the spear is the same as in females. Already Strubell (1888) described
the muscle protractors and retractors moving the spear in the beet nematode.
According to his description, the first were affixed to the basal protuberances,
and the retractors to the centecf of the spear. The cuticle was the Punctum
fixum for both piirs of muscles. The description is repeated for the root-knot
nematode as well. According to our observations, there are only protractor

- muscles, and the pulling of the spear inside the body is its passive return to

its former place.

ESOPHAGUS. The esophagus section in preparasitic larva represents a narrow
tube, 6-7 units* in width and about 50 units* in length. The esophagus is hard
to notice in this phase, with the exception of the internal, sharply protruding
cuticle tube, about 1 unit* in diameter. During transition to parasitism, the
anterior section of the esophagus expands considerably and changes into a fairly
powerful cone-shaped formation, very easily noticed on living object. In the
final parasitic phase, the width of the eésophagus in front of the bulbus redches
15-20 units*, thus growing almost 3 times as thick as in preparasitic lerva. 1In
females the esophagus grows still more powerful, but retains the same, generally
cone-shaped form prevalent in parasitic larva. The internal cuticle tube of the
esophagus expands very strongly, reaching 2.5~3 units* in diameter. In males
(fig. 6), the anterior section of the esophagus becomes cylindricel and is not
easily noticed, the same as observed in preparasitic larva, Only thé internal
chitinized esophagus lumen, 2 units* in diameter, is clearly visible.

The other section of the esophagus, or bulbus, represents-an oval, solid
formation. Radical muscles are situated in the wall of the bulbus, and in its
cénter is located an oval cavity with thick cuticuk rized walls — lumen. [Begin
p. 413] The lumen shrinks due to the reduction of Fadical muscles, but expands
anew later, and thus causes the absorption movement. During ontogeny of thé
root-knot nematode, the bulbus, too, undergoes form and dimensional changes. In
preparasitic larva, the bulbus is poorly developed and less clearly prondunced.
Its measurements are about 13-15 units* in-length and 10 units* in width. The
measurements of the lumen are 5 x 4 unitsx.

- -

Fig. 6. - Wale of the root<knot
: nematode.

A

During transition to parasitism, the bulbus rapidly develops into a vigorous
and easily noticeable organ, reaching, in the final phase of parasitic larve,
30-32 units* in length and 28-30 units* in width, increasing several times in
size compared to its size in preparasitic larva. The bulbus wall grows strong,
and the lumen retains the same measurements, =— 5 x 4 units* — which it had in
preparasitic larva. The bulbus attains the greatest vigor in females. ~Its
measurements vary from 39-52 units* in length and 34-50 units* in width. Measure-
ments occurring more frequently ares 47 x 44 units#%, The measurements of the
lumen fluctuate between 18 x 11 and 16 x 13 units*. In males the bulbus is poor-
ly developed and agein becomes poorly noticeable. Its measurements vary from
23 x 18 to 28 x 16; the measuremente of the lumen are about 8 x 6 unitsx*.

* micron
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[Begin P 414] The third section of the esophagus contains three mono-
nuclear edophagal glands; a dorsal one and two subventral ones bordering on the
intestine. The dorsal gland opens into the esophagal lumen =~ at the base of
the stilet, and the subventral one =— into the bulbus cavity. In preparasitic
larvae these glands are narrow; if parasitic larvae they increase in dimensions
at the expense of growth in width: The Glands in females expand even more,
while those in meles shrink again. ;

INTESTINE. In preparasitic larva the middle intestine is narrow, cylindri-
cal, about 10 units* in diameter, furning into & very thin posterior intestine
near the posterior end of the body. The anal opening is situated at a 65-70
units* distance from the posterior end of the body. The middle intestiné is
covered with drops of fat the size of which reaches 8 units* in diemeter. Dur-
ing transition to parasitism the dimensions of the middle intestine increase
very strongly. The figures cited for increases in larval dimensions character-
ize this growth, since the expansion of larva is due mainly to the growth of
its intestine. The posterior intestine retains its previous form of an &bliquo-
ly set narrow tube passing from the center intestine to the body surface. As .
a result of reduction of the tail, the onal opening is situated closer to the
posterior end of the body. In females, the middle intestine expands even more;
in young females it takes up the ~larger part of the Body, and in mature ones
the intestine is pushed aside by growing sexual tubes. The’drops of fat cover-
ing the intestine are large, about 20-50 units* in diometer. The middle intes-
tine narrows down sharply and turns into the short and narrow posterior intes-
tine. The anus rests ot the posterior end of the body, not entirely terminal,
but somewhat to the side; it can be seen clearly in young femoles, but becomes
less visible in mature ones. There is no thickening of the cuticle around the
anus, and due to this characteristic it can be easily distinguished from the
sexual aperture. The middle intestine of mnles looks like a straight cylindri-
cal tubs taking up the larger part of the worm=body {(at a 33 units* body diame-
ter, the intestinal diometer equals 23 units*). The intéstine ends in a wide
closca which reccives also the sexual organs of the male. The cloaca opens out
to the surface as a troansverse aperture near the posterior of the body, at a
‘distance of 8-15 units* from the tip of the tail.

ORGANS OF ELIMINATION. 1In all nematodes, the function of the elimination
organs is performed by the cutaneous glands, the so called cervical glands.:
Root-knot nematodes, the same as other representatives of the family Anguillul-
inidae, ore endowed with the tylenchoid [tilenkhoidnyi] type of elimination
organs characterized by the fact that the excretory canal and the gland cell
are not paired, and rest in oné lateral field of the hypodermis, in the roote
knot nematode on the left side. The elimination organs have not been investigat-
ed, hence their variation during ontogeny can be indicated only with respect to
the arrangement of the excretory pore. In preparasitic larva the excretory pore
is easily visible; it opens in o level with the glandular part of the esophagus
at 80-85 units* distance from the tip of the head. In parasitic larve, the ex-
cretory pore opens outwards, also on level with the glandular part of the esopha-
gus. In young females the pore is situated on the level of the bulbus which
obviously, is connected with the strong increase in the dimensions of the latter.
In mature females the excretory pore is barely visible, yet in males it can be
seen very well, and. it opens, the some as in larvae, on the level of the gland-
ular part of tho esophagus, at a distance of 140-165 units* from the. head-cap.

*micron
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SEXUAL ORGANS. The sexual embryo forms in nematodes very early, but be-

' comes clearly visible only in parasitic larva. In this phase the embryo repre-
sents an accumulation of spheric sexual cells which under the microscope looks

like a flakelet [plastinka]. [Begin p. 415] The sex of larvae is undetermin~
able and the formition of sexual tubes from the embryo can be detected only dur-

ing metamorphosis.

-

The sexual organs of tho female are composed of two sexual tubes (fig. 7y,
which merge at the posterior end into one short tube — the vaginas the latter
opens outwards as a sexual aperture -- the vulva. The sextal tubes are long;
the biggest one of tho tubes Wwhich I measured reached 6 mm, with the length of
the female being 0.85 mm, i.e. the tube was 6-7 times, and consequently, both
tubes were 12-14 times longer than the body. In comparison with the relatively
short sexual tubes of metile phytohelminths from the genus Anguillulina and
Aphelenchoides, their length in the root-knot nematode must be recognized &s
very great. The ovary composes about 6% of the entire length of the sexual
tube, and is its thinnest and brightest part. The globular ovogonia seen in
the ovary are about 18 units* in diameter. Without any define borderline, the
ovary turns into a wider oviduet [iaitsevod] which takes up about 55% of the
tubes length. It contains ovocytes; at the beginning their form is globular,
further on the ovocytes stretch across the tube and take on a wedge-like form,
later they gradually stretch lengthwise along the tube and assume the oval
shape of an egg in the distal part of the oviduct. The oviduct flows into an
irregularly globuler chember termed semenreceptacle [semepriemnik]; it is 140-
160 units* in diameter.

i Fig. 7. Sexual tube of an egg-hatching
female of the root-knot nematode.

The precise function of this organ is the separation of the shell surround=
ing the ovicells coming from the oviduet. The semenreceptacle (?) is followed
by the uterus which takes up about 37% of the length of the sexual tube; in it
are lying the fully developed eggs: [(Begin p. 416] The uteri of both tubes
merge into a short unpaired vagina. The sexual aperture is closed and surround-
ed by oval spindles [valiki] of the cutiele, forming around the vulva a sexual
swelling [bugorok], which is pleinly visible in a young female, but disappoeers
in & mature one. The glandular cells, the secretion of which forms an oothoca
during egg hatching, also open into the sexual aperture.

In males, the sexual tube takes up about 60% of the total length of the
body; its length reaches 800 units* in a male whose dimensions measure 1300
units*. Tho proximel part of the tube is composed of the male sexual gland
[semennik] with small cells of spermatogonia. Expandifg gradually, the sexual
gland of the male turns into a somon-duct [semeproved], which contains larger
wedge-shaped spermatocytes. The distal part of the tubo is formed by the
semon-omitting [semeizvergateltnyi] canal, tho longth of which constitutes 45%
of the entire lcngth of the sexual tube; it contains spermatozoons lying very
loosely and freely in the lower part of the canal. The semen-emitting canal
opens into the cloaca; it contains two spicules 29-36 unité* in length, on the
average about 33 units*, cquipped with special musculatire. The width of the
spicule base is 4-5 units*; they narrow down at the tip. The bases of the

. spicules arec scparated from edch other by a spacc of about 7 units*, but their
tips, but their tips converge. The cloaca also contains a "rod-ferrulc"

* micron
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[rulek] (gubernaculup) representing a thickening of the cuticle wall of the
cloaca and serving as a slide and a support for the spicules; it isusually
8 units* long, and its width, at the widest part, measures 2 units*. Tail wings
(bursa) arc absent, but the cuticle surrounding the tail grows somewhat thicker.

MUSCULATURE AND MOTILITY. Skin masculature is poorly developed. The in-
vasion larvae are slow-moving and sluggish animals; movements are accomplished
by bending their long body. They lose motility rapidly during transition to

- parasitism, Parasitic larvac whose form has changed very little at the time

they are extracted from the root, lie completely motionless without bending
their body or trying to crawl, although it seems that the tail which has been
retained would allow this. Only the anterior part of the body remains motile
in parasitic larvao. Iarvec rcomoved from galls continually make probing move-
ments with their hoad-end by bending it slowly in various dircctions and by
pricking rapidly with the stilet. Femeles, too, are completely deprived of
their motility. 1In females romoved from galls the following movements were ob-
served: (a) slow bending of the head-ond of tho body in different’directions;
(b) pricking with the stilet; (¢) rhythmic pulsation of thé bulbus. The Males
are capablec of crawling slowly, similar to invasion larvas. Structural charact-
eristics of the nervous system and sense organs in the root-knot nematode have
not been investigated.

The cavify of the body stretches from the base of the head-cap to the
posterior end.
METAMORPHOSIS. DEVELOPMENT OF MALES AND FEMALES. The first molting of

parasitic larvae occurs in such a manner that the cuticle which has become
separated is not cast off, but covers, in the form of a hood, the new larwae
lying inside. At first the scparation of the body from the cuticle is observ-
cd at the posterior end: the pintail is empticd, the posterior end of the larwao
moves forward and coils; somewhat later, it can be noticed that the body un-
looscns from the cuticle in the anterior part also. Tho spear is cast off to-
gether with the cuticlci its contour is plainly visible ot the anterior of the
skin of parasitic larvae. Theo apertures which form betwecn the larval body and
the old cuticle arc at first very narrow, but later on the body usually moves”
far away from the skin of parasitic larwvae at the anterior and posterior ends.
[Begin p. 417] The molting described is the first following the exit from an
egg and the second one, if the molting within the ogg is taken into considera~
tion, and tho larva formed within tho skin will constitute the second phaso

upon its oxit from the ogg, and the third phaso, if the larve within the ogg

is considercd. We shall call it the third larva-. Thc development of tho third
larva is not entircly completed. The cuticular formations intrinsic in the
origin of the digestive systom drc not developed: there is no spear nor internal
cuticular tube of the csophagus. This is a rapidly passing larval phase, in the
words of Christic and Cobb "more thcorotical than actual". The third hrwva
molts gquickly and is transformed into the fourth larval phase. The fourth

larva 1lios beneath the cover of two cast-off skins: the thick cxternal skin of
parasitic larvae equipped with o pinlike tail and the very thin internal skin
of the third larva . The latter can be seen only from the anterior and poster-
ior ends, but usually not laterally, clinging closoly to the extermal skin or

to the D'rval body. The further development of males and fomales is strongly
distinct.

* micron
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Fig. 8. -« Young femalo of the root-knot
nematode, decveloped inside of
threc larval skins.

DEVELOPMENT OF THE FEMALE. 1In tho dévelopmont of the female, the fourth
larva is just as theoretical as the third. I havo beon unable to find any-
differenco in their structure: This is a, similarly, not fully developed
organism without cuticularized parts in the anterior section of the @sophagqs.
The bulbus is rotained in both larvoc and can be secn very distinetly. The
glandular section of the esophagus has grown shorter, hefico tho intestine which
isdwrk, thanks to the drops of fat, clings to the bulbus. Soxual tubes devolop
from the soxual embryo, but sexual outlets (vagina, sccual aperture) have not ~
yet formed and it is impossible to distinguish any organs bohind the intestine.
The anterior end of both larvno is very motile: tho larvoe twists constontly in
differont directions. It is possible thot thesc movements help to cast off the
skins. The molting of the fourth Inrva leads to the fofmation of tho young fe-
male which lies undor the cover of threce membrancs (fig. 8). Thoe thin skin of
the fourth larva resting at the very interior can be discerned only near tho
head-end of the fomalc, sometimes nlso at tho posterior end of its body. On its
exterior is found a similarly thin skin of the third larva, and still morc ox=-
ternally — a thick cuticle of the parasitic larva of the second age. Whon thé
young females development draws to an end, all her inherent organs arc visible.
[Begln p. 418] The anterior scction of the csophagus is sharply distincet from
the corresponding pirts of perasitic larva due to the strong development of the
cuticularized ports. Sexunl outlets are cloarly visible; the vulva opens out
on a sexual protuberance. On the background of the intestine are observed
brighter sexual tubes. Naturally, the developed female will be somewhat smaller
than the final phase of parasitic larva, in whose skin it developed. Its
further development leads to a strong increese in its dimensions, in length
and particularly in width. The dimensions of her sexual tubes increase most
during her growth, '

Flg. 9. - larva of the root-knot nematode male
of the fourth phase in the process of
elongation. The larva develops within
two larval skins: the thick external
skin ‘of the larva in its second agé and
the thin 1nterna1 of the third ags.
Fig. 10. = Young male developed within thrée
larval skins, before coming out.

DEVELOPMENT OF THE MALE. In the case of male development, the fourth larva
which rests under the cover of two skins constitutes the prolonged development- .
al stage during which modification of form and structure of the animal occurs.
At the beginning of this phase, the body of the fourth larva is just as thick
and short as that of the third, but at the end of this phase it turns into a
long and thin male body. The elongation of the body proceeds rapidly. The
cast-off skin of parasitic larva is soon too short for the larva growing in
length, and its posterior end coils. ILater, the loop forms and, finally, the
body grows so long that it can remain in the skin only by 00111ng in it several
times. Such "cocoons" from the skins of parasitic larve of the second age,
harboring within coiled Iarva of the fourth age; or males, is very characterist-
ic of the ontogenesis of Heterodera (fig. 10%*), Development of the male from

** See errate at end of book
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‘ the elongated fourth larve tékes considerably longer than the time required for
the elongation &f this larva. The duration depends on temperature and is indi- .
cated on p. 423. “Finally, the last molting occurs and the skin of the fourth
larva is cast off. It can be seen ofi the narrow ends of the worm where the
skin appears on the body of the male. The young male now rests, as does the fe~
male, under the protection of threse cutucularized skins: The external thick
cuticle of parasitic larva of the second phase, the intermediate thin and wide
cuticle of larva of the third phase, and the internel narrow and thin cuticle
of the fourth phase. The development of the male 1is completed fully during
metamorphdsis: he reaches his maximum growth, and the seX organs - full de-
velopment. In males, still resting within the skins (fig. 10), spermatoids are
clearly visible in the semen-amitting canal, hence it can be assumed that males
are immediately capable of fertilization. The males which have departed from -
the skins ("cocoons") cease growing and, obviously, consume nourishment, In any
case, the possibility of their consuming nourishment is just as limited as in
preparasitic larva.

MORPHO-PHYS TOLOGICAL ADAPTATION OF THE ROOT-KNOT WEMATODE TO PARASITISM. As a
rosult of the simple structure of the root-knot nematode, parasitism does not
produce in it such’' importeant morphological variations as in animals constructed
more intricately, nonetheless, the$e variations are grealer than in.the majority
of other plant parasitic nematodes: "The shape of the body and of the organs
— sexual and digestive systems, i.e. those more complicated in the nematode
change markedly. Yet, no specially big modification occurred even in thoeso
systems, and a second set of organs, acquired in the process of parasitism, did
. not develop. Skin musculature suffer a reduction and &as a ‘result of this the
parasitic phases lose their motility. The post-embryonic development of the
root-knot nematode produced greater changes. Even though it retained all four
larval phases, inherent in nematodes, they were separated from each other by
molting, but only the second one which at first, as the preparesitic one, pro-
ceeds in the soil; and later as the parasitic one in the plant, developed fully
and consumed food. '

Thus oligomerism [oligomerizatsiial of the life-cycle (Beklemishev, 1945)
which, by the way, is one expressed in a complete shedding of larval phases, but
in their rudimentation; and is inherent in many parasites, was not observed in
the root-knot nematode. Hence the duration of the existence of non-reproducing
phases is shortened and the prolonged phase is only that of the mature female.
A comparison of the post=embryonic development of the root-knot nematode with

, the development &6f other species of the genus Heterodera shows that it is the
most specialized. This, together with the considerable morphological adaptation
to parasitism, indicates that thé root-knot nemetode had turned to parasitism
within the plant a long time ago. [Begin p. 420] ’

ECOLOGY OF THE ROOT-KNOT NEMATODE. ECOLOGY OF THE PREPARASITIC LARVA.

CONDUCT IN SOIL. The rate obtained in attempts to determine the speed of
movement of preparasitic larvae of the root-knot nemftode under microscope was
extremely low — fractions of millimeters per minute. Because of their slow
and sluggish movements, larvae of the root~knot nematode are sharply distinct

' from soil saprozoons of the genus Rhabditis and from predators of the genus
Mononchus. ™We were unable to induce the larvae to quick movements of escape
oven by.using shafp, plainly unpleasant irritants: injecting a heated needle
or a drop of acid. With the aid of glass capillaries filled with various fluids
and buried in sand with nematode larvae, we Succeeded in establishing a positive
reaction of the larvae to weak orgenic acids. Stereotropism of larvae — their
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inclination to come in contact with hard objects is also easily observed. Their
reaction to light could not be detected. After even distribution of lmrvee in a
Petri dish filled with agar and half of it darkened with bleck paper, no coh-
centration of larvae in any part of the dish was observed, not even after they
had been exposed for a whole day. Thorc was no attempt to escape even from
direct sunlight, although the sun killed larvae oven in the autumn whon heat
was slight. Literary data concerning the specd of movement of invasion larvac
under field conditions are available only in the works of theo author (Ustinov,

1934, 1839): in the course of & soason, the larvac moved over & distance of

but 25 em. larvac, however, penetrate depth very considerably: In Turkmen,
noematode galls are found on the roots of mulborry trees at a depth of 120 cm
(Blinovskii, 1945). The larvae of some other parasitic nomatodes also display
poor motility. For instance, the larvae of the whoat nematode are capablce of
infecting plants sceded no farther than 30 cm from the infected grain (Leukel,
1924). Of ropresentatives of the genus Hotérodera, the more motile larvac wore
those of the boot nomatode (Naunacke, 1922).

Retension of Invasion capacity. Consumption of food by root-knot nematode
larvae begins only whon they establish contact with the root, up to that timo
they live on the supply of oembryonic fat. It is known that soil infested by
the nomatodc rocmains in a state of black fallow [chornOgo para] having been in-
vaded in the coursc of many months, but the variations undergonc by larvac dur-
ing starvation wore not investigatcd. Nor arc thore any indications that soil
can scrve as a supplemontary source of nourishment for larvae; yet, by analogy
with othor soil aninmals, this is entircly possible. Invasion larvac are
capable of remaining alive for & period of two months oven in watch glasscs
with a small amount of water: +they lived at our place from mid April until
mid June, 1946. Cinsidérable variations have been observed in the oxternal
form of starving larvae. The drops of fat covering the intestino in young
larvao are used up as they grow older, and bright striae, doprived of the fat,
appcar on the intestine. At first the intestine shows transverse striae, later
the striac grow even bigger, but the dark ones grow thinner and, finally, the
intestine turns entirely light, with but & small stock of fatty drops. The
amount of fat charactcrizes the 'age of larvae and their capacity for invasion
which decrcases gradually. Experiments in introducing starving larvae into
plants have shown that upon loss of fats on half of the intestine, the invasion
capacity of larvae wanes, and in the casc of a still greater loss (for instancé,
on 75 of tho intestine surfacc), they losec their invasion capacity completely.
(Begin p. 421]

Having penetratod the root after long starvation, the larvae, first of all,
roplénish their normal supply of fats, and this strongly retards their develop=-
ment. Having opened, in July, roots infestod with such larwvae eight days after
invasion, we found that the larvae had not oxpanded and still had the farm and
structure of invasion larvas, but with a dark intestine covored all over with
drops of fat. The dogrce of larva fatness can be ascertained with conventional
symbols which make it possible to ostimate the age and invasion capacity of a
given larvae population, which, in turn, would permit a more thorough study of
their ecology. Docs, however, thc loss of fat occur in soil just as rapidly

as in water on a watch glass? Do larvac find supplomcntary sourccs of mourish=
mont in soil? ’ '

To clarify this, tho suthor [of thc proscnt articlc] conducted soveral
oxperiments with a quantity of preoparasitic larvac in humus cnriched soil and in
thoroughly rinscd soa sand. ILarvac in amounts as oqual as possiblc werc placoed
in both media; ‘#his was accomplished first by obtaining a uniform suspcnsion
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from froshly dorived larvee in Watcr and, then by moesuring this susponsion
with a pipectto in cqual amounts. Aftcr a certain period of starvation, both
media containing the larvae werce weshed off into flower pots containing soil,
cloared of helminths by drying it in the sun, and indicator plants. In the
first oxpcriment larvac wore starving for a month — from July 9 through August
9, 1946, at high tcmperaturc, no lowor than 25°C. No larve capable of invasion
was loft in the sand, but the humic soil causod slight infestations:s 8 galls
appoared on a plant. In the sccond experiment the larvae woro starving for

25 days: from July 29 through August 23, 1946, at the maximal temporaturc of
that yoar, reaching 35-36°C in tho laboratory. Sand produced no infostation
this time cither, but tho humus enriched soil producod o very slight invasions
only 4 galls wero found on a plant Tho galls which doveoloped were very smxll,
and tho larvae found upon their opening wore strongly retarded in growth. In
the third oxperimont tho larvao starved for 22 days; from August 27 through”
September 16, 1946, at o temporature lowor than in tho precoding experiment,
Iarvoe capable of invasion survived in the sand, but in & considerably smaller
quantity than in himic soils 100 gnlls developed on plants in the lattor, but
only 5 in the sand.

Apparcntly, all expcriments produced similar results: in humus ocnriched
soil the larvec rctain their invasion capacity longer than in sand. This means
thot they find in humus sourcos of sustenance lacking in rinsed soil. An cxamine-
ation of starving larvae under tho microscopec showed that tho loss of fat pro-
ccded more rapidly in sand than in humic soil.

Life cycle and fortility of fomalos. Conditions for Devclopment of Malecs.
When galls arc opencd in the summer, no dcad fomelos are found and this leads
to the conclusion that thoy live through the ontirc soason. When plants wilt
in the fall, females survive their hosts to a considerablc extent: in Sukhumi
living fomalecs aro easily found in Deccmber and even in January in the roobs of
tobacco plants withorcd long ago. By the samc token, females continue t6 live
long in branches of roots if they aroc kept in a moist chamber. [Bogin p. 422]
Whon root tissue docomposes to such an oxtent that it falls apart when rinsed in
water, the females continue to live and the rhythmic protrusion of their speor
and contraction of their bulbus can be obscrved under a microscope. There is no
doubt that the capacity to live long on the supplios of non-vegotating and cven.
dcad plants, developed in mature females, is most favorablo for tho dissemination
of tho species with scecd material.

The potential life cycle of the root-Enot nematode apparently is very great,
and its propagation may continue very long. Indications as to the life cycle of
femnles arc available only in the works of thec author (Ustlnov, 1934, 1939) In
observing the hatching of eggs in boxes with collapsible walls, it was noted that
the female hatched 1814 oggs in 70 days. But these magnitudes can in no Wﬂy be
considered as ultimate, since the cnergy of the femelc was interrupted by the
dying of the root. The average lifc cycle of tho femalo is measured by the
summer months; a few of them overwinter and, under Sukhumi conditions, rosumo
hatchlng eggs, but perish afterward.

Parthcnogenesis is inhérent in the root-knot nematode; reproduction without
malcs is regular and normal.

A larbec number of males appears only if 11v1ng conditions aro worsenod,
primarily thoso of nutrition. In Sukhumi thoir numbor changes during the season-
as follows: in the spring males can be found deweloping from overwintered larvac.
Only in rare cases do they finish mctamorphosis successfully, in most cases they
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mrish during the last molting. In tho summer males arc very raro, but in
August and Scptember, when invasion incroascs greatly; and it is clear that tho
plant is bcing thwarted, the number of moles onlarges. Small end goalls are
frequently inhebited by males only, and the ratc of their dovelopmeat hero is
several times highor than that of fomalos in a similarly small gall. Tho appoar-
ance of a large number of males under worsencd living conditions hes beon ostab-
lished also in the caso of tho boot nomatodo (Molz, 1920). .

Climatic factors. Influcnco of temporature and humidity. Temperaturc.

The influenco of tomperature on the root-knot nematode is so obvlous that it was
noted even by its first invostigators. At first particuler gignificanco was
ascribed to sevore winters and the freeczing of soil considered lethal for the
nematode (Neal, 1889); (Stone and Smith, 1898); (Bessoy, 1911). Furthor obsor-
vations, howcver, showed that high propagation of the root=knot ncmatode is
interrupted not by winter temperaturcs, but by summer tempe rotures, nemely by
insufficiency of thc sum total of tomperatures and the short duration of the
poriod of cffcctive temperatures. Low winter tempcratures producc no lothal
action on larvae in the soil, and tho root-knot nematode overwintcrs success-
fully under ficld conditions in thc Don Basin [Donbas], in White Russia and

near Moscow, and also in tho countrics of northern Burope and in Canada. Exper-~
imental work investigating thc influence of temperature on thé ratc of dovelop=
ment of the root-knot nematode was conducted by Tayler (1933). Sho ostablishod
heat totals roquirod for the dovolopment of the root-knot nematode and to
measurc hoat she used the conventional heat unit equal to tomporaturc by 1°C
above 10°C, cffective for an hour; dogroe hours above 10°C. Ten degrees con-
stitute the threshold of nematode deveclopment, while the retarding influcnco of
high temperaturcs is observed above 28°C; but temperaturcs which substantially
depress adult females begin only with 36.5°C. {Begin p. 423}, The author's
observitions in Sukhumi resulted in numbers very noar to thoso obtained by

Tayler. In our oxperiments, the dovelopment of & nemntode within the root

required a miniumu of 7478 heat units from the time it invades the plant until
it begins fo hatch cggs and, according to Taylor, this rcquires from 7000 to
8500 units. Between the differcnt periods of dovélopment, this sum total of
tomperaturces was distributed as follows (table 2). - -

TABLE 2,

Total temperatures consumed in development of different phases of the root-knot

s nemgtode within the plant
i Duration of {Average Temperf= Totel temperatures in

Period of Development development;ture (in °C) degree hours above 10°C

i { in days Absolute | %
1. Development of !
larvae prior to molt- | i -
ihg | 8 25,9 - 3070 41
2. Period of molb- i
ifig -(metamorphosis) . 5 25.9 1912 2B
3. Development of ‘
female from immatur- ’ ) :
ity to egg hatching 8 23.0 2496 33

2T - { S 100

Tayler, too, indicates very close figures: the development of larvae into
a female which formed within the skin of parasitic larvae required an average
of 3000 heat units, or 41% of the average temperature total needed for the en-
tire postembryonic development; to complete molting — up to the appearance of
the young female ~ 1800 heat units, or 25%, and for the development of the

Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0




Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0
17 Trans., A-524

female from a young one to initial egg hatching - 2400 heat units or 34%. Our
observations show that the totals of temperatures consumed in the development

of the root-knot nematode in Sukhumi are the same as those in California. Ac-
cording to some observations, more heat is used up in the development of the
nematode in somewhat hotter Florida, here the threshold of its development is
not 10° but 12°, (Townsend, 1937). It would be most interesting to conduct
similar observations in the northern regions of root-knot nematode distribution.

In the development of males the elongation of the fourth larvae proceeds
very rapidlys it was observed that the larva transformed overnight from & wide
and short (length 450 units*, width 82 units*) into & long and narrow form
(length 1150 units*, width 55 units*); the average right temperature was about
22°C. But the development of the male from the elongated fourth krva is pro-
tracted, even though the exact time has not been established, since 2ll larvae
removed from the galls perished. Observations of simultaneously invaded plants
show that the development of the male within the elongated fourth b rvae lasts
longer than the time required for the appearance of young females, and approx-
imately the same length of time is needed for the development of distended fe~
males. Upon opening the galls, the skin of parasitic larvae in which male de-
velopment takes place frequently breaks, the elongated larvae of the fourth
phase are found in water and can be taken erroneously for fully developed ‘males;
which cafi lead to an inaccurate determination of the developmental period.
[Begin p. 424, para 1] '

A protracted developmental stage 18 the embryonic one; according to Tayler,
its completion requires 5000 heat units. However, the time indicated by Tayler
herself falls below this magnitude. Thus, according to her observations, eggs
developed at 27°C in 9 days, this means that their development used up 9x24x17 =
3672 heat units. Our observations produced very close figures. On August 12;
1946 eggs were collected in the phase of two blastomeres, and on August 22nd
invadion larvae crawled out into the water. Development had préceeded in ten
days. Total temperatures for these days were 3784 Tayler units.

consumcd

The embryonic development/33.95 (1/3) of the temperature total required
for the development of the entire generation. Granulation development of the
embryonic leéflets [1istok] and formation of larvae of the first phase proceed
very rapidly. In the case of the observations indicated above, this process
was finished within four days following the initial granulation. The total
temperatures for those days came to 1420 Tayler heat units, or 37% of the heat
required for complétion of the entire embryonic development. Thus, more then
60% of heat is required for the transition of the first larva into the second
one, this, however, includes in the cycle of embryonic development, the process
belonging to the period of postembryonic development.

In our observations, no definite relatiénship was noted between temperature
end the number of eggs hatched by the female. At fairly constant summer temper-
atures, the number of eggs hatched per day varies considerably, and with differ-’
ent females, observed in boxes with collapsible walls, these variations differed.
The number of Tayler heat units needed for one hatched egg, ceme sometimes to ~
only 4, more often to 5=-6 units, yet in some cases it rose as high as 20 units.

Heat formula. Knowing the total temperatures needed for the development
of nematodes, and the lowest threshold of development, it is. easy to work out
a heat formule foi computation of an approximate duration of development at a
given temperature. It is known that heat formulas produce but orienting numbers
* micron :
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. and represent the relation between temperature and speed of development in the
form of a stright line, while it actually, is expressed by a hyperbola which co-
incides with a straight one [line] only at average temperatures. There is, .hof=
ever, no doubt as to the great practical convenience of such formulas. In their
application, a substantial error can be expected only in instances of lower temp-
eratures, when the temperature of plant roots, probably rises very rarely to
magnitudes depressing nematode development. By taking the average, instead of
the minimal, periods of development and by converting Tayler heat units express-
ed in degree-hours into degree-days i.e. dividing the temperature total by 24,
we will obtain for the post-embryonic development of nematodes within the rdot,
from their invasion to the beginning of egg hatching, the equation: S= 20

and for the complete developmental cycle, from egg to egg, S = _Egg_a wﬁézéos

is the average duration of deveclopment in days, and t- the averagg—%gmperature
at which development occurs. Our observations of the duration of nematode de-
velopment in flower pots standing in the shade, so that the temperature of the
soil in the pots was vefy near the temperature of air (isothermic), have shown
the followings: [Begin p. 425] :

1. In the early summer of 1946, development proceeded in 30 days; invas

~sion was introduced in soil &ontaining a plant on June 10th, the first oviposi= -

tors wére noted on July 20th. The average temperature of the period equalled
%0.8°§. As per formula, development should have proceeded also about 30 days
29.6). '

2. Two observations were conducted in the middle of summer: &) Inocula-
tion on July 21; beginning of efg hédtching, August 14; duration of development
. 24 days; average temperature 23.7°C. According to the formula development
should have lasted 23 days. b) Invasion was introduced on July 26; beginning
of egg hatching, August 19; duration of development 24 days; average tempera-
ture 23.6°C. As per formula, development should have lasted upwards of 23 days.

3 At the hottest time of 1946, the duration of development was 21 days
- from August 15 through September 5. Average temperature of this period =
24.9°C." According to formula, development should have lasted also 21 days.

We can see that the developmental periods computed during the summer ac=
cording to the formula are very close to those actually observed.. In our own
experiments, we were, however, unable to note the time when the larvae pehetrat-
ed the root, but only the introduction of invasion material into the soil. In
the spring, at lower temperatures, development of the first generation of nema-
todes lasted from April 20th, when the larvae were introdused, until May 30th
when the hatching of eggs began, i.e. 40 days. The average temperature of this
p riéd equalled 17.1°C. According to the formula development should last 45
days. The formula, as is to be expected gives a longer period.

Accurate data on the duration of root-knot nematode development in other
parts of the USSR is not availablej let us nonetheless dwell on certain observa=-
tions for comparison with our data.

According to Kobakhidze (1941), In Tbilisi, at a temperature with a 24-hour-
daily average of 26.7°C, the development from invasion to yéung females (as per
. author "females in phase of oopulation") lasted 13-16 days. In 4-5 days, théy
"fully completed their growth and development™ and "soon" began to hatch eggs.
As we can see, accurate periods of d evelopment cannot be established from this
text, but it is possible that it-lasted about 20 days. As per formula, duration
of development should be 19 days.
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According to field observations of Brodskii and Zemlianskaia (1946), in
Tashkent the spring generation of root-knot nemetode developed from the 6th to
the 3lst of May. For this period the total effective temperatures according to
10-day averages of soil temperatures at a depth of 15 cm, was 334 heat units, &
1ittle more than the average total temperatures (320 units) taken for the formu-
la., Hence, the period of development observed is very close to.the one obtained
with thé formula: days observed were 25, and by the formule there should have
been 24.6 days. Yet, the duration of development of the following generation is
indicated by the authors as being 32 days == from 13 June through July 15, al=-
though temperature was higher during this period, and the total of effective
temperatures added up to 528 units, exceeding the total required for the pre-
ceding generation by almost 200 units. So great a prolongation of development
could occur only in a case when soil températures has surpassed the optimum and
has begun to depress nematode development. This, however, could have taken
place only during certain days, since, during the observation period, the ten-day
average fsrednedekadnye] of soil temperature at a depth of 15 cm fluctuated be~"
tween 24.1 and 27.8°C, i.e. it did not reach magnitudes depressive to nematodes.
Honce, it is more probable that the euthors failed to conduct field observations
with sufficient accuracy. -

Moisture. All nematodes are hygrophilous animals, but many of them are
capable of falling into anabiosis at an impending decrease of environmental
moisture. [(Begin p. 426] However, we established by Frank (1885), larvae of
the root-knot nematode dre not capable of it. In contrast to a series of ani-
mal helminths, the eggs of phytohelminths lack nlso resisténce of drying; this
is understandable, since they usually remain within plants, seldom find them=
selves in external environment and do not serve for spreading invasion and,
therefofe, their great resistance 1is jrrelevant to the continuation of the
species.

Although experimental work on the duration of nematode survival in drying
soil has been conducted (Jones, 1932; Godfrey, 1933 and others), soil moisture
strange as it may seem, was not determined in these works dnd, therefore, the
meximum drying survived by larvae has not been established. According to our
observations, oothecae and larvae of the root-knot nematodes perished when
pleced in soil dried in the sun, i.e. in actually air-dry soil in the summer,
within the first 24 hours. But a large volume of soil retains a certain amount
of water, in addition to that adsorbed, and this water maintains the moisture
of soil air in a state of saturation and contains eggs and larvae.

Fig. 11. - Decrease in soil invasion upon
drying. Broken line — invasion
capacity; continuous line —
water-holding of soil.

To determine the lethal action of dried out soil, the author [of present
article] conducted a few experiments in 1946: in the moist climate of Sukhumi
these experiments are possible under laboratory conditions only. All experi-
ments produced similar results: loss of soil moisture up to 4-5% of the total
moisture-holding kills all phascs of nemetode development and renders soil
invesion aversive. Reduction of soil invasion in an experiment with the larg-
est quantity of soil (about 10 buckets) spread in a large equerium and dried
in the shade is showm on the diagram (fig. 11), The experiments have shown
that the root-knot nematode survives soil dryness such as cultivated plants
could not survive. As a measure for nematode control, drying-out under field
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‘ conditions is feasible only in the most arid region of the Soviet Union.
‘Yearly Pevelopmental cycle of the root-knot nematode in Sukhumi. Throughout
the wintwr, fthe root~-knot nematode Is easily found in the roots of many plants,
not only the woody plantsy but also in herbaceous ones vegetating during the
wernm Sukhumi wintef. The root=knot nematode 1is found in all phases of develop-
ment (except male). Nematode development retarded by winter chills is resumed
in April. Mature females egain begin to hatch eggss yet, their sexual activity
in the spring does not last longs in May, 2all femples obviously die. Parasitic
lorvae overwintered in roots proceed to molt; they, however, also perish in the
large mejority of cases before théy finish molting. Fully vieble are the over-
wintered ‘invasiof o rvae ond eggs. Many more 1larvase oveiwinter in soil than in
plants; [begin p. 4277 invasion of plants begins in April.” The size of mnemgtode
population in the soil decreases rapidly during the winter. Thus, in the fall
in the same garden, 2000 emd® of soil produced 400 galls on 2 plant, yet in i
spring we were entirely unaeble to infest a plant with the same amount of soil.
In May, population statistics of the root-knot nemetode are et a minimum. In °~
June they begin to grow due to reproduction of females of the spring generation.

~ Once begun, reproduction continues steadily; females propagate for & very long
period and they still continue hatching eggs affer several generations have
developed from the first groups of eggs hatched. .

i

t
Thus, there is ostablished a stesdy flow of reproduction of nematodes in
all stages of development; there are no separate generations, and the term
"pumber of generations" should be interpreted as their largest possible number,
the number which we would obtain if we considered ofily the offspring of the
. older ones as indivisuals of each generation appear.

The number of generations oan be established if the total of temperatures
is calculated 2s being higher than the threshold of development and 1s divided
by the temperature total required for the development of one generation. The
quotient of this division will give the number of possible generations. The °
eccurate number of generations developing during the season can be determined
experimentally by riasing nematodes on plants in containers and subsequently,
infesting fresh plants with the eggs of each new generation. We used both of
these methods; first we, naturally, used the calculation method, for it is very
quick and simple. caleulations have to be conducted on air temperature, since
the temperature of soil varies considerably due Lo insolation and other factors.

Table 3

Total temperatures above 10° in degree-days according to air-temperature aver-
' age of many yeaers in Sukhumi

. i ‘ 1 :
Months 111} W} W \ vi | Vil VIII X \ X \ X1 1 Annual
i i | .
Total | } \
Temperas . ¥ | & ; i
tures 10} 84| 226 | 380 ‘ 415 424 318 ‘ 201‘ 78 \ 2092

Having infested plants at the very beginning of the season, over-wintered
invasion larwvae cannot finish their development, nor can they begin to propegate
before the end of May, when total temperatiures in %320 degree days needed for
post-embryonic development, can be reached. Invasion larvae can develop from
the eggs hatched in mid June (about 160 degree days), end post-embryonic develop-
ment can be completed and propagation of the second generation begun during the
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. second decade [10th-20th] of July, when total temperatures reach the necessary
500 degree~days. Eggs hatched by the second generation will produce the third

generation which will reach meturity about” the middle of August and will initis
ate the beginning of the fourth generation. The fourth generation will begin to
propagate during the second half of September. Total temperatures are no longer
adequate for the development of the fifth generetion. Judging from the monthly
average of Air temperdtures, in Sukhumi the seasonal capacity is upwards of 4
generations. [Begin p. 428] If soil temperatures on the southern slope were
used in the calculations, then the seasonal capacity would increase up to 5 gen~
erations. In 1946 the numbér of generations was studied experimentally by means
of successive intertwisting. Tracing the seasonal progress of the development
of generations under observations (fig. 12) and comparing it with the chart on
generations computed by total temperatures, we were astonished by their great
coincidence, which may have been due to the fact that the temperatures of soils
is very near to the temperature of air and, in 1946 (excepting autumn), the
letter varied very little from the average of several years. In the fall, in-
festation of plants is &t a meximum, the same as the amount of invasion larvae
in the soil. From 5 gr. of soil taken from a tobacco field, we removed in early
November up to 54 larvae of the root-knot nematods by the funnel f voronochnym]
method; this comes to more than 10 thousand b rvee per kg of soil. There is no
doubt that all possible generations of nematodes develop suecessfully on annual
plants only in rare cases, since vegetation of many plants ends before low temp~-
eratures set in and the reproduction potentials of the root-knot nematode are
not fully realized.

‘ Fig. 12, - Yearly progress of development of
generations of the root-knot nema-
tode calculated (broken line) by
the total of average temperatures
and established experimentally
(Continuous line).
Fig. 12. - [Directly under graft] reads as follows:

April May June July August September October

Probable Developmental cycle of the nematode in other perts of the USSR.
The close coincidence between the progress of calculated and actually observed
nematode generations in Sukhumi justifies the use of the method for calculation
of total temperatures also for other areas of the USSR. The method is less
promising for northern rgions, since development proceeds more rapidly at lower
temperatures than it ought to, according to the formula, and this means that
total temperatures will A8wer. In the republics of Central Asia, retarded de-
velopment, possibly, is the result of superheating. For calculation, we used
the world agroclimatic Hanbook (1937). It contains computed total temperatures
for periods above 10° and indications of the duration of these periods. To
obtain totals of effective temperatures, it is necessary to subtract the number
of degrees below 10 from the figurés cited; this is obtained by multiplying the
number of days of the period by 10. :

Let us examine the probable cycle of nematode development in Turkmen.
‘ Totals of effective temperatures reach: at Ashkhabad — 2200, &t Bairam-Ali —
2300, i.e. & little more than at Sukhumi; these localities, however, are dis-
~ tinguished by an early and warm spring. Total temperatures adequate for the
development of mature femeles from overwintered larvae will be reached as early
as mid May, and invasion of plants by newly developed larvae will begin at the

end of Mav. earlier than in anv other area (naturallv. with the excevption of the
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' bordering southern part of Uzbekistan where it is even hotter). [Begin p. 429].
The second generation will begin to multiply during the second decede [from 10th
-20th] of July, the third — during the second half of July] Here; mass nemas
tode propagation and mass invasion of plants will begin earlief than in Abkhazia,
hence it is natural to expéct greater damage from the parasite. Seasohhl dapac-
ity — up to 5 generations,’

In Baku, total of effective temperatures == 2290, the same as in Bairam<
Ali, but their distribution by months is different: in the spring there is less
heat, in the fall more. The first generation of the root-knot nematode develop-
ed from overwintered larvae can begin to multiply only in June, almost a month
later than in Turkmen. The second generation will begin to multiply about the
middle of July. Sessonal capacity — 4-5 generations.

.In the Ukraine, the total of effective temperatures is practically every-
where below 1500. The root-knot nematode has been distributed considerably in
the area of the Donets river.

Fig. 13. = Probable seasonal progress.of
development of generations of
the root-knot nematode in some
parts of the Soviet Union, cale
culated by total temperatures.
Continuous line ~— Bairam-Ali;
dotted line ~~ Voroshilovgrad;

' : broken line of dots and dashes
— Minsk. '
[Directly under graft] reads as
‘follows: _—
April May June July August September October

To characterize this region we shall use the date on Voroshilovgrad. Here,
the total of effective temperatures is 1300. Propagation of females developed
from overwintered ldrvae may begin in mid June, and invasion of plants by new
larvae - about July. "The second goneration of nematodes will begin to multiply
about the end of July, in warm soils even the third generation caen develop. ‘

To characterize conditions of development of the root-knot nematode in
White Russia, we shall use the data on Minsk. The total of effective tempera-
tures in Minsk is 580. This permits overwintered invasion larvae to reach
maturity and to6 multiply for some time, but & second generation of nematodes
cannot develop. As per observations conducted at the White Russian quarantine
laboratory in 1935, reproduction of nematodes (apparently those developéd from
overwintered larvae) began during the first decade [lst to 10th] of July. Con-~
sequently, the total of effective temperatures for this very hot month comes to °
232. Invasion of plants by new larvae is possible only in the last days of July.
These larvae cannot complete their development, since average temperature of the
~ third decade of August is below 15°. 1In annual plants, larvae gone over to
parasitism are doomdd. Nematodes overwinter in the soil in-the form of eggs
and invasion larvae. Under these climatic conditions, mass reproduction of root-
. ~ knot nematodes is not expeédted, hencea hea¥y invesion of plants under field con-
ditions is hardly p obable. [Begin p. 4301.

‘ All of these calciillations are made on air temperaturcs &nd can be conside

| oered only as tentative. In this form, they are however, very useful in estimat-
ing the possibility of mass reproduction and its consequences.
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‘ ROLE OF PREDATORS AND PARASITES. Among the inhabitants of soil are found
many enemies of the root-knot nematode; they all destroy only preparasitic
larvae; enemies attacking nematodes within the galls have not as yet been de-
scribed. Thus, the root=knot nematode is safe from their exacting action during
e large part of its life. Fifty-two enemies of the root=knot nematode have becn
found in Hawaii (Linford and Oliveira, 1938); most of these parasitize on other
nematodes as well, and some attack each other. The list of thesc enemies in-
cludes 18 species of fungi, 1 of protozoa, 24 of predatory nematodes, 6 of mitos -
and 3 of tardigrada. The normal activity of organisms limits the nematode pop~
ulation. Apparently, the animels which cause the most important damage to nema-
tode .larvae injurious to plants are predatory nematodes of the genus Mononchus.
We had o Mononchus female living in & watch glass in 2 moist ¢hamber for a
month, feeding exclusively on larvae of the root-knot nematode. A report on ahn
observation of one specimen of Monochus papillatus which destroyed 83 larvae of
the root-knot ncmatode in one day is available in literature (Proceedings of
‘the root-knot nematode conference, 1937). 1In Abkhazia, the numerical strength
of Monunchus has the same seasonal progress as the root-knot nomatode; these
predators are more copious in the fall months. Of a b rge number of fungi
parasiting on nematodes, the most important are thc nematode catching fungi of
the genus Dactylella. Triccllular rings resting on bicellular pediccols form on
the hyphae of these fungi whon nemntodes are present. If a nomatode cnters onec
of these ring, it causes a rapid swelling and a contraction of the ring cell,
and as a rosult the worm is tightly compressed. Ilater, the fungus hyphae grow
through the body of the nometode and destroy it. Fungi of the genus Arthro-

. botrys and Cystopage catch nematodes with the aid of viscous substances isolatod
By the hyphoo (Drechsler, 1937, 1944). The reduction in rooteknot nematode popu-
lation, noted long ago, can be explained by the increased number of its enemies
in the soil due to the influence of an abundance of docomposed green fertiliz~
ors. Docomposition of plants facilitates the propagation of saprozoic nematodes
by supplying them an abundance of food, which, however, leads to an increase in
the number of their encmies.  The latter attack also the larvae of the root-knot
nomatode which, at first constitutc a considerable part of the nematode popula-
tion in infested soil, but later, their number ceases to increase, because they
are 1neapuble of developing on decayed matter.

RECIPRCCAL REIATIONS BETWEEN THE ROOT-KNOT NEMATODE AND THE PIANT. Investi-~
gotion of the morphology and the development of the root-knot nematode shows
that its - historically developed adeptation to parasitism is greater than that
in other plant parasites of the genus Ditylconchus and Aphelenchoides. It is to
be oxpected that tho interrelations betwcen the root~knot nematode and the plant
will also be more complex. [Begin p. 431].

- -

Conduct of nemotode and reaction of plant. Penetration of root. Invasion
larvae arc assisted in finding plants by the acid scction lotdcleniia] of the
roots causing positive motive reaction (chemotropism) of the larvoe and a tac-
tile influence (stércotropism) prompting them to maintain contact with the root
once it has been cstablished. Iarvac may begin to feed on a plant while still
outside the root by piercing the cell walls with their stilets. Introduction
of invasion larvae in water into the root cannot be observed, because action of

. the stilet requires that the body have a buttress. This phenomenon can be”
studied on agar slides by preparing 3% agar and pouring it on petri dishes. The
larvae penotrate into the root between colls or through the gap made by the
stilot in the cell wall. They can gain access only in the area of young cells,
hence infestation can occur only in the meristematic aree of the root. Within

the root, the larvac can roam two-three days, consumifig food more enorgetically
and movine mostlv hatween Anlle withant indumine +ham Tinaller  +hatr hon~mg
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fixed in a cortain position so that their heads are lying in the pleroma, :
[pleroma] and the body — in the parenchyme of the rind. Larvae frequently in-
fest also the subsurfaco parts of stems and tubers, but their infestation of the
surface parts of a plant occurs rarely and must be considered as aberrant cases
of parasitism. .

Effect of larvae on plant. Mbchanlcal injuries inflicted by larvae while
penetrating the root, as well as durlng their migration within it, are usually

- insignificant which, undoubtedly, is most favorablc for the further subsistence

of the parasitos. Larvoe fixed in a root, §oon lose motility and are no longer
capable of leaving the root in casc it dies.” Furthermore, to form giant cells,
nematodes must feed on undamaged young cells. Plont helminths which do not
lose motility, for exomple, Pratylenchus pratensis (de Man), inflict on the -
plant- considerably greater injuries during their migrations within its root.

Tho chemical action of larvae on the plant is much stronger; it is exeorted
by secretion of the esophagenl glands isolated during feeding and begins to
develop while the larvae still migrate within the root. Secretofy action appears
the strongest on the meristem and on the parenchyma of root rind. The former
bacomes deprcessed: division of meristem cells is thwarted, and growth of the
root is interrupted or rotarded. In 2 case of heavy infestation, growth of the
root gcases forover, as a result of which club-shaped galls form on the ends of
small roots. HNore often, growth has been observed to recommence after a poriod
of retardation, this is connected with the resumption of activity by meristema-
tic tissue. Dimensions of parenchymal cells of the rind increase due to secre-
tory action of the root-knot nematode; their hypertrophy is responsible for a
thickening of the foot which somctimes is discovered already on the second day
following invasion. '

Action of precipitated nematodes. After fixation, the nematode body be=
comes immotile, With the exception of the anterior part which retains the capac-
ity to move in tho dorsal, abdominal and lateral directions. Nutrition consists
of constantly rocurring cycles including three actions: 1) puncturing the cell
walls with the stilet; 2) injecting socrotion of the esophagoal glands into the
cell and 3) sucking out & certain part of the cell contents. The parasitos
secretion falls directly into the plerome c¢élls bordering the nematode head,
and retards thoir differentiation; [Begln p. 432] further, some of the undiffer=
entiated cells begin to increase in dimensi ons, and their nuclei divide without
the subsequent fission of cellsy then the barriers betweon the noighboring cells”
gradually disappear, their contents merge and form the boginning of a giant cell.
The huge colls which at the beginning are not largs, continuc’ to grow duc to the
inclusion of the neighboring cells, but their fusion with onc another was not
observed. As per our measurements, the largest giant oélls reached transversely
260 x 221 units*; longthwise tho giant colls are larger. Wé counted 20 nuclei
in them, but reports in literaturc indicate over 500 nuclei. Blemonts of tho
central cylinder which surround the giant cells also undergo changes; some
tracheata and vessels arc ruptured in the gall area, others passing by the glant
colls are merely turncd aside. Tho socretion of the root-knot nematode oxerts
a stimulating action on the cclls of rind parenchyma, causing considerablc in=
croase in its dimensions. Honec, the thickening of the root, observed at times
during larvac migration, inercasos strongly aftor nematode fixation. Tho ossen-
tial mass of root-knot nemotodes is composed of parenchymo cells, Yet, the numb-
er of parenchymal cells within thc gall and of those outsido”it is the same,
but cell dimensions within the gall incroase by scveral times. Thus, in cucumbe
ers, the size of parenchymal cells in the gall equalled 160 units*, and in the

* mnicron
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samc root outside the gall — 75 units*, i.e. by assuming that the form of cells

‘ is cubic, their dimensions increased by 9 times (160%: 753); in tomaotoes dimen-
sions increased by 15 times, in sweet potatoes — by 6, and in the Acalypha
weed — 4 times. Action of nematode secretion couses activation also in peri-
cycle cellsz they procecd to divide incroasingly, and this leads to the forma-
tion of lateral roots which frequently braneh out from nematede galls in large
number.

Tho external appearance of galls. The external appearance of galls changds
considerably during the season. As spring approaches, small separate galls, 1.5
mm in”diometer, cuased by one, more often by two parasites, develop on thin
roots. At the beginning of reproduction, the walls of such galls burst open
and oothecac form outside of thom. The dimensions of galls expand as }nvasion-
increascs, and at the end of the season, the predominant type constitutes a
strong swelling on large sections of the root. The size of galls depends on
the magnitude of the rodot, in larger =plants; such as squash or tomatoes, thoy
reach 20 mm in diametor. A spécial group is composed of club-shaped end golls,
usually smpll in size, cbout 1.5 mm in diameter, formed as & result of 2 simul-
tancous mass invasion of the root by so large a number of larvae that they in-
terrupted root growth. On perennials, galls sometimes roach enormous dimen-
sions. 1In Florida, galls on Thunbergia laurifolia were described as being 45
and 60 om in diameter; they had developed on tho roots and at the base of the
trunk (Stoiner and Buhrer, 1934). On the other hand, galls were found to be
poorly developed and on some plants complctely absent; in the latter casc rind
parenchyma does not expand, but a yellow spot forms around the femole, since
the root<knot nemetode does not cause thesc plants hypertrophy, but cell

‘ necrosis. The abscnce of galls is characteristic of sweet potato and Gerbera.

Importance of gall formetion. The importance of the described reactions

of the host organism to the introduction of tho parasite rests in the isolation
of the parasite and the localization of toxins discharged by it. There occurs,
at the place of nematode fixation en increased influx of nutritive substancess:
iBegin p. 433] gronular impuritics ‘accumulate in the protoplasm of gigantic

| cells which, according to Kostoff and Kendall (1930), dévelop as 2 rosult of

W molecular condensation and consist of protein gronules. The influx of abund-
ant nutritive substances serves the plant as a means of localizing foreign
motter discharged by the parasite, but it is also very favorable for the )
parasite which obtains 4 large amount of food concentratod in a small area, and

} around its head at that. The formation of galls, occurring as a result of
hypertrophy of rind parenchymal cells, serves as a means for isolating the
parasite from other parts of the plant. Galls, however, are very favorable for
nematodes since they protect them from predatory soil organisms, insurc thom
against drying out and oestablish around thom a very constant cxternal environ-
ment. : '

Thus, the protoctivo roaction of the plant which is costing it a great
deal and is causing the cxpenditure of a lorge amount of plastic and nutritive
material; naturally, to the dotriment of other organs, is very uscful for the
parasite. This conditioned by the inadequacy of the roaction itsclf to profit
from the protective function of the host organism, but chicfly by the adaptation
of the mrasite and its ability to adapt itsclf to specific living conditions.
'As a result, thc protective rooction of thc host becomes a noccssary requisite
for the very oxistencc of the parasite. V
Dimonsionwof femalcs from large and small galls. It is to be expectoed, that
conditions for the development of nomatodos Wwill be more favorablo in largo
galls than in small ongs and, thorefore, fomalcs will erow bissar in lnren onlls
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and will hatch moro oggs. Moasuréments confirm this hypothesis, (Tablo 4).

Table 4,

-

Mcasurcments of fomales of the root-knot nematodc from large and small galls,

Plant and appearanco Number of Mbaéurement of females (in
of galls measurcmonts units*)
Icngth Width

Tomatoas:

Iarge galls - 100 : ‘ 983 % 111 704 ¢ 86

Small gnlls 96 643 4 100 475 4 72
Tobaccos

large galls 141 928 4 116 - 682 4 116

Small galls 143 ' 640 4 80 470 4 83
Bluec Eggplants:

Iarge galls 57 990 4 170 637 4 91

Small galls 36 713 § 81 490 ¢ 70
* mu ’

Varying curves of femalo dimensions of the root-knot nomatode from large
and small galls on tobacco are shown on fig. 14.

Comparative action of different nematode spocics on plants. Hypertrophy of
adjacent’cells is 2 vury frequent roaction of the orgonism to introduction of the
porasite. [Bogin.p. 434] Some helminths (for instance, nematodcs of the sube-
order Spirurata) causc tumors in animals; expansion of plant cell (hclmintho-
oocidia; is caused by all ncmatodcs of the order Anguina and Hetcrodere, while
othor nomatodcs, such as Ditylenchus”and the leaf parasitcs of tho order
Aphelenchoides cause tissuc nocrosiss Tho latter roaction is, undoubtedly, more
primitiye and vcry injurious to the plant, 4s well as to tho parasite, forcing
1t to move from dead tissuc to a& living one. This is achioved cithcr by dircct
nematode migration, or obsorved in chrysanthemum nematodes — Aphelonchoidos
ritzomabosi (Schwartz), by their transition into an anabiotic state and by
spreading of invasion with dry leaves. If tho parasitc loses motility and bé-
comcs incapable of amabiosis, thon tissue necrosis will causo its destruction.
A sign of an-cven losser adaptation of the parasite to the host is tho strong
mechanical dostruction of plant tissucs, and the nemotodes causing such destruc-
tion, as for instonéoc Pratylenchus pratensis (de Man), must be considered osmorc
primitivc parasites. The interrelotion beotween the root-knot nematode and the
plant must on the contrary bc considered as very complicatoed.

Fig. 14 = Variation curves of femsale measurcments
of the rooteknot nematéde from large and
small galls on tobaceo. Continuous line
— body length of fomnles in smoll gnlls;
punctated — samec in large galls.

The intornal structure of Hotorodora galls is distinet from tho structurc
of other nematode galls. A nutritive zono feeding tho parasites and surround-
" ing tho intornal cavity harboring the parasites forms in the galls causod by

A ina A8 wnll A 3n +hacs amaon wr am Tl 8T am - ek 2 Lln am 1Y . 0 oTToa *
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the function of tho nutritive zonc is fulfilled by giant cells. Tho ability
to causo formation of coll syncytia [sintsitiocv] is a specific éharactoristic
of the genus Heterodera, inhercnt in all of its ropresentatives.

Therc are no data in literature concerning the nature of secretions isolate
cd by the nomatode, not cven a hypothosis has bocn voicod on this subject. How=
over the similarity of the action of secrotions: of the root-knot nematodo to that
of growth substoncos on plant is immediately obvious: the latter stimulateo root
growth when their concentrations aroc very weak, yot their stronger concentrations
retard growth and causc thickening of the root. According to Kholodnyi (1939),
the action of highor dosages of growth substances interrupts the growth of a
root in length almost completely, yot at the same time therc forms a thickoning
in the scction subjceted to théir action, and after 24-hours it develops into
a rather considerable swelling. Anatomic investigations show that tho thicken=
ing consists of rind parcnchyma cells strongly expanded in width; [bogin p. 435]
the central cylinder also thickens, but to 4 considerably lesscr degreo. The
development of Itoral roots is accoleratod. Maksimov (1946) believes that the
basic function of growth substances rest in their supplying woter and nutritive
substancos to the area of their action. Of great importance to the effectivo-
ness of growth stimuldnts is the age of tissuc: thoir action on young colls is
considcrably strongor. '

The similerity betwecn thc action of root-knot nomatode socretions and that
of growth substances prompts the assumption that thcir concurront action would .
produce a strongor reaction of plants and the formation of biggor galls. Ex~
poriments confirm this hypothcsis: by planting cucumbers in soil strongly and
vory evonly inwvadod by rooteknot ncmatoded, and by wotting a part of them with

a solution of a-naphthyl-acotic acid of 0.61 and O.(@%concontration, wo- obtain-

cd considerably largcr root expansions on the plants trcated, than thosc couscd
by onc nematodo; the latter werc 1.6 times thinner thdn the expansiors caused by
concurrcnt action of a nematode and growth stimulants.

QUANTITATIVE CALCUIATIONS AS TO ROOT-KNOT NEMATODES IN PLANTS. The mothod wo
usod for o gquantitative calculation of root-knot ncmatodcs in plants was the
following: a pieco, as corrcctly eylindrically shaped as possible, was cut with
a razor bladc from a gall, and thon cut up with proparatory ncedles [preparovalt
numi iglami} in water into piccos so small that the nomotodes it harbored washcd
out. Tho water with tho suspconded nematodcs was distributcd with a pipette on
a slide [predmotnosé steklo] in a narrow strip and the nomatodes were counted
undcr o microscope. = IAvasion krvac, not yot in a state of parasitism, worc

not taken into account. The dimonsions of the investigated picce of gall wds
calculated as por the formula used to detormine the dimensions of cylinders.
Calculation of devcloping galls showed that, in proportion to ncmatode devclop=
ment, tho average sizc of a gnll, designod for onc nematode, increcasos consider=-
obly. Thus, in the carly dovclopmental stage of a gall containing only porasit-
ic larvac, the average space per parasite was 0.14 mms, but at a later stago,
when” galls arc already harboring young females, the averago space inercases up
to 0.5 mm3. 1In old galls containing cgg-hatching fomalos, the averago gall
space per parasitc was coven biggor, although not consistontly, as scen on table -

The population of club-éhaped end gallsfis moro dcnsc than throughout
tho root: in thesc gnlls, the average spaccs assigned to one parasitc docs not
exccod 0.67 mm. . '

To obtain on average number of the root-knot nematodcs within the entirc
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' root system, we measured the galls and calculatod their dimonsions on two plants.

®

In the chse of o blue cggplant, we obtained genornl gall dimensions amounting
to 94341.3 mm®, and for a tomato. (on which small galls werc not countcd) =
188627.6 mm3. Assuming, on thc basis of dataon tablc 4, that tho avorago
spocc of o gall assignoed to one parasite is 1.6 mms, we shall find that the
average number of nematodes parasiting the galls of thc blue cggplant was about
89 thousand, and for those parasiting the gnlls of tho tomato = about 118,000.
The & verage space of a gall assigned to ono female is 3.4 mm®., Thus, the roots
of tho blue eggplant wore inhabitod, approximately, by morc than 27,000 femalcs,
and the roots of the tomato by morc than 55,000 fémales, 1.0. in strongly in=-
fosted plents they areo found in tens of thousands. Sincoe -tho fortility of cach
fomzle amounts to more than a thousahd oggs, thosc femnles will producc tens of
millions of oggs and invasion larvao. [Begin p. 436, bolow table 51 Just what
mass of living matter is composed of nematode$ parasiting in roots? Assuming _
that tho avcrago dimensions of a fomale are 0.179 mm3, we find that thoir number,
as occloulatod in tho case of blue eggplant, will constituto a bulk of "about
5,000 mms, and tho amount calculated for tomatoos — about 10,000 md. The mass
of living matter of females is, approximatoly, 79 times larger than tho mass of
living matter of othcr phases, and the principlo dcvourer of plant substances
aro the females. On the strongth of the prolonged process of egg-hatching, the
females have to absorb a great doal of nutritivo substances systematically, ond
this alone is enough to oxhaust and to weakon a plant. The amount of sccretion
they isolate is also much larger than that isolated by larvac, hence intoxica=~
tion on the part of females must also be considerably groatcer. This is con-
firmed by &bservations over the growth of galls and the beginning of plant
depression.

Table 5

Quantitative calculations of tho root-knot nomatodo in large old galls on blue
oggplant, in October 1946

Sizec of pioco of gall - Number of diffeorent Average gall space
considored : stages of nematode (in mm3) token up by
Length | Width Dimcnsions | devclopment one parasite
(in mm)| (in mm) (in mm3)
5 16 1004.8 Paroasitic larvec - 167 | For all stages 2
Female 168 for females 6
Molcs 165 R ' :
Total 500 )
4 11 379.9 Parasitic larvac 3| For all stages 1.5
Females 109 | For femalos 3.4
| Malos 96
i i Total 208 )
5 7 192.3 Parasitie larvac 71 For all stages 1.9
Fomales 91| For fomales 2,1
Males 47 -
Total 102 ' -
10 10 785 Porasitic larvac 110} For all stages 1.7
Females 171 | For fomales 4.5
Moles 160
- Total 3Ty :
11 3 35.3 Fomalocs 29| For 2ll stagos 0.95
Malcs 81 For fomales 1.2 .
Total ~ 37 '
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' » [Beiin p. 437]
INOCULATION OF MICROBES. Apparcntly, all nematodes = plant parasites =

arc capable of inducing pathogenic microorgenisms into a plant. This appliocs
also to facultative plant parosites, such as Apholenchus avenae Bast. which in-
troduce fungus hyphae by -stilet picrcing (Christic and Arndt, 1936). So much
the greatcor must be thoe role of obligate pardsites which break into the plant
and violate theo wholeness of its intcgumonts. As por obsorvations in different
areas in England, thc strong fluctuations in the potato nematodd's capacity to
injure dopond on the diseases connocted with it (Triffit, 1931). Root rot of
tobacco is considored & compound discasec causcd by penetration of the root by

& complex of pathogenic organisms cofsisting of nomatodos, more often Pratylon=-
chus pratensis (de Man) and of fungi. In the USSR macoration of tau-saghyz roots

is cxplainod by the combinod action of nematodes and microbes, with the primary
role being dscribed to nematodes (Kalincnko, 1933, Sveshnikova, and Skarbilo=-
vich, 1937). The fact that infestation of plants by the root-knot nematodo: is
accompanicd by fungus diséascs was noted alrecady by Jobert (1878) with rogerd
to coffee troes in Brazil. Since then, the combination indicated has bcen con~
firmed by a large number of conducted obscrvationss; obviously heterodcrosis is
always & combination discasc. An espocially big role is ascribed to the roote-

‘knot nematode in the accumulation of Fusarium vasinfectum -— the causal agent

of cotton wilt. Tho ncmatode is an accossory to wilt in tomatoes in which the
diseasc is causcd by another form of Fusarium, Apparently, the conncetion be-
twecen the root-knot nomatode and Fusarium is closer than with othor pathogenic
fungi, which is expleined by the fact that hoterodcrosis as woll as fusarioses
[fuzariozy]'belong to the first immunogenctic group, acéording to Dunin's (1946)
system, i.e., they attack ontogonstically younger roots. In tho USSR, a combin-
ation disease of the root-knot nematode and fungi was obscrved in & scction of
lavendor on a sovkhoz noar Siukhumi, but the required investigation of the di-
scasc has not been conducted.

PATHOGENESIS OF THE ROOT-KNOT NEMATODE. 4As a rosult of root-knot nomatode
inféstation, the plant is strickon by a protracted disecasc - ga2ll heteroderow
sis. As is the case with other diseasés, tho courso of hotoroderosis may be
cither slight or secrious. Subsoquent to the chronic coursc of tho discase and
prolongod isolation of forcigh matter, the discasec sproads rapidly and affocts
a lerge number of plants, i.c., it has the tondency to assume an epiphyte
character. Frequently the discaso proves fatal to the plant and young plants
may perish beforo producing their first yicld; this was obscrved in the southorn
republics of the USSR on the scedlings of fig, peach and mulberry, and also on
vegetable plants. The dirccet reason for the dostruction is docomposition of the
root; large galls always decomposc, and whenever destruction of the root systcem
is considcrable, thc plant perishes; in the casc of annuals, destruction is
usually observed at the cnd of summer. In slight infestation the discasc passed

- unnoticod,though it is only very rarcly that it does not exert influcnco on

plant growth and yicld (later on this is true also of a slight infestation of
annual plants). In the USSR the root-knot ncmatode causos damage in tho
southern ropublics of: Gruzia, Azerbaidzhan, Turkmen, a little loss in Uzbokis-
tan. Work conducted there recorded much nematode damage (Blinovskii, 1945;
Brodskii and Zemlienskaia, 1946; Klechotdv, 1947; Kobakhidze, 1941; Sclivonchik,
1938; Ustinov, 1934 and 1939). [Bogin p. 438] Estimatos made of yicld lossecs
causcd by nematodés to wvarious crops wero quito considerable. According to our
czleculations, in Sukhumi tho weight of tobacco plants badly infcsted by the root-
knot ncmatode dropped in different calculations by 31-71%, and in average by
57%. 1In a zone whero the total of offcctive yoarly tomperatutres reachos 2000
(in dogree days), and abovo, the grecat harm donc by the root-knot nematode under
ficld conditions cannot bec doubted. In arcas of a temperate climate, much harm
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caused by the root-knot nematode in the ficld is recorded for Alma-Ata (Lit¥i-
nova, 1939b) where the yearly total of effective temperatures is about 1300. -

In our opinion, the figures of losses cited by the author are extremely high

and need checking. It is possible that here the nematode acted in conjunction
with microorganisms mordpathogenic to plants. In greenhouses and in conserva-
tories the root=knot nemmtode can cause great losses and even destroy completely
the yield of any latitude. ‘

PIANT IMMUWITY TO THE ROOT-KNOT NEMATODE. By immunity is meent the ag=
gregate of plant properties inhibiting and depressing the development of &
parasite. Until recent times, plant resistance to the root-knot nematode was
being explained by the structurél characteristics of roots preventing larvae
from penetrating into the plant. Frequently, reference is made (Filip'ev, 1934,
and others) to be unpublished work of Arzberger who indicates that the roots of
unsusceptible varieties of cow-peas have more protective tissue than suscept-
ible varieties; their cork layer is better developed and has fewer ruptured sec-
tions. This theory of mechanical barrier was pursued also by Korab and Butov-
skii (1939) in explaining the action of plants antagonistic to the beet nematode:
"By stimulating the passing of nematode larvee from the cyst into the soil, they
(the plants) attract them to themselves en masse, but keep the larvae from enter-
ing their roots, as a result of which they perish from exhaustion in the futile
attempts to e netrate the tissue of the roots they were attacking".

The humoral reactions of the plant to the nematode within the root was
ascribed of little importance until lately. It is true that Kostoff and Kendal,
investigating nematode galls on tobacco, back in 1930, expressed the hypothesis,
that the plant fights nematodes by isolating antibodies, namely precipitins,
lysins and agglutinins; however, the protection role of these anti-bodiés was
not clear, since both, galls and nematodes develop on tobacco very well. Only
in 1939 did Barrons (1939) come forward with the assertion that larvae of the
root-knot nematode penetrate susceptible plants and sturdy plants in the same
ease, but do not develop in the latter. The author sees the reason for this
in the action exerted by sturdy plants on larvae, namely by their isolatiof of
antibodies neutralizing the ferments of the alimentary glands of nematodes.
Barrons' viewpoint was mst with approval; the production of antibodies by plants
served to explain also the resistance of some potato varieties to the potato
nematode (Gemmell, 1943).

Inmunity, however, need nét necessarily depend on the isolation of anti-
bodies, but may be due to the structure of internal plant tissues; structural
characteristics, namely the roughness of cells of the meristematic area in the
stem node served to explain the non-sisceptibility of some wheats to isosomes
(izozomyl* (Phillips and Dicke, 1935). [Begin p. 439] The plant may be saved
from infestation also by the quick tempo of its development: according to
observations conducted by Chailakhian (1947), this wis the reason why hemp
grown on a short day escaped infection by broom-rape.

Our immunity investigations began with observations of cotton. Its in-
spection was given much attention, and cotton proved to be very resistant to
the root-knot nematode. In Sukhumi, on a sector severely infested at the time
of cotton plenting, no galls were found on cotton roots at the end of the season.
However, in a systematic investigation of the roots, beginning with the day of

.invasion, it"was found that infestation had occurred, but that later the Ia rvae

had perished. -

* |Probably isosome-galls]
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Observations of cotton were conducted in several series of experiments and
always with the seme results: during the first week following invesion, galls
harboring larvae already in the phase of parasitism appeared on the roots —
thick, with a powerful bulbus and immotile. Then the gradual destruction of

larvae begani in two weeks & large part of larvae was dead, and the gallé began

to disappear. Yet some larvae do complete development and begin to molt. No
larva succeeded in completing development up to conversion into a female: they
all died during metamorphosis, Nonetheless, there were individual cases when
males appeared. During an investigation of nematodes by the tens in cotton
roots, three developed males were found living there. Their measurements were
dwarf-like: (1) body length 850 units#. width - 26 units*; (2) length = 850
units*, width - 28 units*, and (3) length = 1100 units*, width - 27 units*.

- A study of the galls showed that they developed on account of the increased

size of rind parenchymal cells which reached 90-100 units* in the galls, yet on
the same roots above and below the galls - 40 units*, i.e., assuming that their
form is cubical, the size of the cells had increased by approximately 13 times..
The central cylinder of the root also thickens; but to a lesser degree. In some

actions. We were, however, unable to find any giant cells. We believe starva=

cells of the central cylinder considerable granularity is visible, which eccord-
ing to Kostoff and Kendal, serves as an indicator of occurring immunological re

s

tion to be responsible for the dying of larvae: larvae are incapable of causing

the formetion of giant cells, source of their nutrition, and although some

. rvae continue to subsist for & while and even reach maturity, they cannot ac-
cumulate the supply of food needed to complete metamorphosis, and inevitably
perish during molting. Males, which require lesé food, develop in 1nd1v1dual
cases, but do not attain their normal dimensions.

Observing parasite fdte in other resistant plants, we found that it was
similer to that in cotton. In testing resistant South American tobacco =-
Nicotiana glauca Schk., invasion of roots was achieved easily. Small galls
appeared on roots as a result of feeding the secretion of larvae. Larvae began
to develop, but subsequently all died, and the galls resolved. "Not even males
could be obtained on this plant, all larvae died before molting. A similar
picture was obtained in infestation of the sturdier varieties of sweet potatoes
with the only difference that individual larvae did complete their development
in these sweet potatoes and were transformed into mature females. However, &
large majority of the larvee which had invaded the plants died before their de=-
vel opment was completed. Citrus plants never suffer from heteroderosis, but ~
infestation of young roots in strongly invaded soil occurs rapidly. [Begin p.
440] Small roots invaded by a large amount of hrvae cease growing and assume
a club-shaped appearance. Rind parenchymal cells swell up to 70-80 units*, whi
their dimensions outside the gall do not exceed 20-30 units*; i.e. cell dimen=

%

le

sions increase by 20 times. Giant cells do not form; the larvae thicken some-

what and assume the appearance of parasitic phases, but they.soon perish. The
disease ends in citrus even quicker than in cotton. Nemetodes infiltrate just
easily the roots of crotalaria, but they never finish their development within
the plant and, thanks to its resistance to the root-knot nematode, this plant
is being recommended increasingly for anti-nematode crop-rotations.

We can see that the easily perceptible difference between susceptible and
resistant plants rests in the circumstance that the pleromé cells of the latter
do not react to nematode excretions by forming giant cells. Reaction of the

* nicron

Declassified and Approved For Release 2013/09/17 : CIA- RDP80R01426R010200010001-0

as




Declassified and Approved vFor Release 2013/09/17 : CIA-RDP80R01426R01020001C_)001-0

32 Trans. A-524

rind parenchyma cells of resistant plants is, however, no- less than that of the
cells of plants most susceptible to the root-knot nematode. It has also been
observed that in resistant plants,; larvae secretions depress fission of meristenm
cells leading to temporary growth interruption in small roots.

Infection of maize is not always successful; regardless of strong soil in-
vasion, larvae frequently fail to infiltrate roots; yet in other cases, especial-
ly in flower pots, the invasion of maize is almost as successful as that of sus-
ceptible plants. At first, the penetrated larvae cause swelling of parenchyma
cells inereasing their dimensions by approximately 5-6 times, afterward ‘there
“develop giant cells with many nuclei in the center. Thus originates a normal
source of nutrition and larvee development can complete successfully. Observa-
tions show that in many cades ‘maize resistance is due to the fact that larvae
do not penetrate the roots. In trying to introduce larvae into the roots of
some other cereals (such as Cynodon dactylon Pers.), we did not succeed even
once, and Barrons' assertion that invasion larvae infiltrate resistant plants
&s easily as they do suseeptible ones was not confirmed by our observations.

Whether or not the abszence of infestation is due to the inability of larvase
to surmount the barrier of protcctive surface tissues or to other reasons (for
instance, absence of positive rcaction in larvae to these plants) is not known.

The dimensions of femalas developed in resistant plants on which large
galls failed to form are smaller than in strongly susceptible plants. In an
investigation of ‘the same garden female dimcnsions were found to bo:

150 units%; Width - 715
95 units*; Width - 418

on squash: length - 1060
on maizes: longth - 680

76 units#;

4
T 81 units*;

4
i

Since a large part of the female body congists of egg tubes, there is no
doubt that small fecmales will hatch fewer eggs. The duration of development of
parasite larvae in sturdy plants, in which dcvelopment usually is not fully
completed, is protracted already in the first stages. Yet, there was no differ-
ence in the duration of development of parasitic larva into a mature fomale, -
when plants of such varied susceptibility to the root-knot nematode as the
cucumber, the tomato, peas, clover, lupiné, vetch, nightshade and Acalyphe were
grown concurrently in the same containers. '

In resuming our obscrvations of plant immunity to the root-knot nematode,
we shall, first of all, endeavor %o classify the phenomens observed. There is
no doubt that the protective reactions of plants to parasites are simpler than
those in animals, [Begin p. 441] but, in relation %o helminths, they can sasily
be adapted to the classification scheme provided by Soviet helminthologists for
animals (Shul'ts and Shikhobalova, 1935).

To begin with, plant immunity will bc natural or inherént. The phenomensa
was observed in cotton, in tobacco — Nicotiana glauca Schk., in citrus, sweet
potatoes and, probably, intrinsic in meny resistant plants, fit perfoctly the
concept of partial immunity charécterized by the partial development of parasites
and their subsequent destruction.

In less sturdy pla nts, such as maize, vetch and others is obseorved un-
sterilized [nesteril'nyi] immunity charéctorized by (1) less infestation, (2)°
smaller dimensions of developed helminths and (3) decrease in there fortility.

. *.-nmicron
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. Sometimes in these plants parasitic development is also protracted.

Immunity of age is also observed: woody plents suffer badly from heterode=-
rosis mainly at an early age., In the heavily nematode infested Sukhumi Boteni-
cal Garden, old tea plants were not affected, but the seedlings of tea were
easily infested.

Naturally, the immune state of a plant is not unalterable, but it depends
on many factors. In case the plants weaken, or, on the other hand, the para-
sites are reinforced as a result of extremely strong invasion of the soil, galls
will form also on highly resistant plants. The phenomenon is analogous with
that observed in animal helminthiasis: wéakening of the host reduces its re-
sistance to invasion of intestinal worms. However, plants particularly sus-
ceptible to the root-knot nematode, such as tomatoes, cucumbers and others, are
infested by it under all growth conditions, even under the best, such as are
provided for vegotable plants in hothouses and ‘in industrial gardens.

In plant immunity to the root-knot nematode, the phenomena of group
immunity have been observed: the same legume varicties are resistant to the
nematode and to fusarium, Americean grape is more resistant to the root-knot ~
nematode than Buropean grape; the same plant is resistant also to Phylloxera.
In a study conducted in the USA of the resistance of 17 domestic and 14 foreign
cotton varieties to Fusarium vasinfoctum and to the root-knot nemitode, resist-
ance to both parasites varied in the seme direction (Miles, 1939). The parasit-
es indicated have the common characteristic of infesting the root during the

‘ same phase, namely the ear'ly phase of antogenetic development, hence the
characteristics of this phase will exert influence on all of these parasites:
thus, the rapid tempo of development of the root and the quick hardening of its
tissues will be unfavorable for each of them.

‘Mechiiikov, back in 1892, defined the infection as a struggle between two
organisms. The nomatode means of attack is @ chemical weapon, = excretions
of its esophagoeal glands; possibly, the protective means of the plant are also
chemical — antibodies neutralizing these excretions and preventing the de-
velopment of giant cells, source of nematode nutrition. The presence of anti-
bodies has not becn ascortained, however, as per analogy with the protective re-
actions of animals to the introduction of holminths in thom, it is ontircly .
probablc. Tho hypothcsis of antibodios is, howcver, hard to rcconcilc with the
fact that only the action of sccrotions -— formatioii of giant colls = is
depressed, whilc the rost (dopreossion of meristom cells and hypertrophy of tho
cells of rind parcnchyma) appear very obviously. Therofore, it scems more
probable that rcsistancc depends on the charactcristics of pleromo colls, name="
ly on the low reactivity of thesc cells to secrotidns of the root-knot nometodo.
Reduced rcactivity may be duc to the fact [Bogin p. 442] that plorome colls of
resistant plants pass rapidly through thosec ocarly &stages of their doveclopment in
which thoy are capable of turning into giant cclls. The rapid developmont of
roots renders thesc planis resistant to all diseascs infecting roots in the -
carly stagos of their ontogenotic development.

HOST PLANTS OF THE ROOT-KNOT NEMATODE. Number and systematic position of
hosts. By virtuo of the oxtromely wido range of hosts, the root-knot ncmatode
. bolongs to curytrophic [ovritrofn;ym] parasitc§; thc number of plants on which
it is rogistored is vast and kceps incrcasing. To illustratc the above, a
course of study of hosts is shown in table 6. -
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TABLE 6

Chronological record of hosts of the root-knot nematode

Author and title

4

Year of
Publication

Number of hosts.
indicated

" Material used in compil-~

ing list

Muller. .
Monograph on tho
root-knot nematode

Frank.
Monograph on the
root=knot nematodc

Neal.

Monograph on the
root-knot nematodec
Marcinowski.
Abstract on the
plant parasitic
nematodes

Besscy.
Monograph on the
root~-knot nematode

List of British
Imperial Burcau

Goodey.
Abstract on plant
parasitic nematode

List of thc US Do-
partment of Agri-
‘culture (compiled by
Buhror, cooper and
Stoiner)

1884

1885

1889

1909

1911

1931

1933

1933

First addition to prés_’

ceding list (compiled
by Buhrer).

Sccond addition (com-
piled by Buhror)

1938

1940

- 36

50

64

235

480

569

621

855

4477

On plant from Brazil, tho
rest from Europe

Same

Florida, USA

Abstracts from literature

Same

1

1"

Abstracts from literaturc
and material of the De=-
partmont of Agriculturc

€

Samc

1]
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Thus, we can see that by the year 1941 the number of known root-knot neme-

. tode hosts had increased to 1387 plant species and subspecies. It must be noted,
however, that not alil designations are authentic; part of the plants registered,
probably, . possess partial immunity and should not be considered as host of the
root-knot nematode. Not once was root-knot nematode infestation registered on
spore plants [sporovye rasteniia], but among flowering plants infestation was
found in represontatives of angiospermase as well as in those of gymnospermae;

in the latter, by the way, very rarelys there aré descriptions of infestation

of the ginkgo tree, juniper and the palm (Cycas).

Of the 28(Q families into which angiospermée are usually broken down, infes-
tation by the root-knot nematode is known among representatives of 125 families,
or 44% of their total number. [Begin p. 443] 1In some femilies, the number of
species on which the nematode is found constitutes 100%, yet in others it is but
fractions of one percent of the species belonging to a family. The families
among whose representatives infestation is not known include the parasitic and
aquatic ones which cannot be infested due to their ecological characteristics,
and also little distributed groups which, probably, hardly ever are found on
cultural fieclds infested by the nematode.

In the USSR, in onc year's work, notably 1935, conducted on & large
scale by the External and Internal Plant Quarantine Department of the Ministry
of Agriculture, USSR, 241 fordge plants were registered as hosts of the root-
knot nematode (Ustinov, 1939).

At present, after utilizing works on the root-knot nematode published
since that time - accounts of quarantine laboratories for the years 1936 and
1937, materials of the laboratory of Lower Worms of the Zoological Institute,
Academy of Sciences USSR, the author's observations in Abkhazia — we have
increased the list of known hosts to 358 species. The host plants registered
in the USSR belong to 74 familieos, meking up 59% of all those families whose
représentatives include hosts of the root-knot nematode known in world litera-
ture. This great variety in the systematic position cen be explained by the
fact that gardens and greenhouses werc investigated, the reason for the many
introduced plants among the hosts.

Families are arranged in the order of host abundances

- -

1: Compositae - 45 specles 7. Rose family = 12 species
2. Legumes - 36 8. Goosefoot family-10 "
3. Nightshade = 20 " 9. Coreals - 10 "
47 Mint family - 18 " 10. Carrot family - 9 "
5. Mustard family - 15 " 11; Willow family - 9 "
6. Olive family - 13 " 12, Mallow family - 9 "

Naturally, these figures do not characterize the degree of infestation of tho
individual family, sinco the number of species within the family varies groatly
The root-knot nematode is less important to compositae than to some other
feamilies, and the large number of hosts registered in this family can be explain-
ed by the wide distribution of its representativés. This applies cven more to
cereals on which the nematode is a rarec parasite. Yet to the gourd family, in
view of its smallness, this parasite is vefy important, even though only 7 nema-
tode hosts have boen registercd among them.

Thanks to the cooperation of manmy institutions in the work on the root-knot
ncmatode, its hosts in the USSR have been investigated in a short time much
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better than those in & number of other countries, which is quite obvious from

a comparison of the list of hosts compiled by us with the lists of other count-
ries, and wermer countrios at that. Thus, only 32 plant species have boen
designated for the Philippines (Fajardo and Palo, 1933); Southern Rhodesia - 108
(Jack, 1943); Hewaii - 122 (Parris, 1940); Japan « 41 (Hagakura, 1930); Southern
China (Canton vieinity) - 26 species (Li and Loy, 1938). Tho number of known
hosts in northern countries is not at all large: only 8 species of plants are
cited for Canada (Crowell and lavallee, 1942). '

‘The la rgest number of hosts is known in Turkmen — 190 species, noxt in.
Western Gruzia — 136 plant specics. In Azcrbaidzhan, 73 host plants are
registered; in accounts of the Quarantine laboratory, on 9 plants were indicat-
ed for Uzbekistan, but Brodskii-and Zemliafskaia (1946) have already found the
root-knot nematode on 52 plants. [Bogin p. 444] The number of host plants known
for the RSFSR is 74; for the Ukraine = 46; White Russia == 5; Kezakh SSR =
14, and scparate instances in somoe of tho other republics of thc Union.

SUSCEPTIBLE AWD RESISTANT PLANTS. Heving familiarized onesclf with the long
list of hosts of the root-knot nematode, it would be wrong to conclude that bio-
logically all of these hosts have equal significence for it; on the contrary, to
some plants the nematode is the mdst significant parasite, yet to others it is
an infrequent and unimportant onc. The families more suscoptible to tho root-
knot nematode include nightshade, goard, and logumes, although the last of thesc
femilies has many resistant species and verieties. Among other families, strong
infestation is known in somc %Species] of the carrot family, compasitae, morning
glory, and the goosefoot family. Thoso infested worse than others among woody
plants are the represcntatives of Moraccae, of the willow family, the peach of
the rose family, pomogrenate of the pomegranate family and the tropical Rubia-
ceae == coffec and quinine trees.

Those resistant to the root-knot nematode among annual cultiveted plants
are coreals. There aro no indications in world literature as to the importance
of inflestations to cereals or horbaceous plants, but the number of representa=
tives of thid family rogistored. as hosts of the root-knot nematode is rather
considerablo. Inoddition, some specics and varictios of le gumcs arc rosistant:
thoy arc of tho greatest importance in tho struggle with the nomatode. Resist-
ant aro also a large pdrt of the Buropcan fruit plants, with tho ¢xception of
tho peach and the plum. Plants among subtropical fruits which do not suffor
from the hetcroderosis arc citrus, avacado and feijoa.

BIOLOGICAL FRMS OF THE ROOT-KNOT NEMATODE. Tho developmental coursc of
parasitism usually leads from polyphagia to monophagia. Many ourytrophic ncma-
todes — plant parasites, as wcll as plant paresitic insocts form nutritively
specializod faces which frequontly constitute the first stage in the formation
of a spocics. Tho best nematode — Heterodora schachtii Schmidt wes until rocent-
ly considercd as onc spociocs with séveral races, but now this spccies is being
broken down into 5 distinct spceics. Another ourytrophic plant parasite -~ the
stom nematode — Ditylenchus dipsaci {Kuchn) Filipjev is also a complecx spocics
including 7 différont forms, part of which, probably, will also prove to be a
distinct spocies. In enimals ontering into so close an interrolation with plants
as those producing galls, spocialization is particularly strong.

Thesc deliberations prompted many investigators, boginning with Frank (1885),
to search for forms of tho root-kndt nematode specialized in nutrition; they all,
however, obtaincd nogative rosults. Invasion from onc plant to a scerics of other
plants occurs very easily under ficld as well as under laboratory conditions,
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‘ owven if the latter plants wero secparated very far systematically. There can be
no doubt that a considerable part of the root-knot nematodc population is ox-
tremély ourytrophic and can develop on a large numbor of different plant vario
tios. This, however, doos not oxclude the possibility of thoir cocxistahcc with
spocialized races doveloping on but & limited number of hosts. [Begin p. 445]

Plants especially susceptible arc infosted by all populations of the root-
knot nematode, and no instance of an unsuccessful infestation of these plants -
by any viable invasion matorial, takon from any plant whatover, has beoon noted.

, Sturdy plants, however, become infestod by somc populations and not by
others. Thus, according to Christic and Albin (1914), in tho USA, in tosting

9 populations of the root-knot ncmatodc on clover = Trifolium resupinatum L.,
the plant proved susceptible to 4 populations, produced indefinite rcsalts in
the caso of onc, and was rosistant to the other four populations. These obser~
vations served the authors as a basis for thoir asscrtion that tho root-knot
nematode includos specialized racos. The sccond tests conducted by theso authors
with 14 nematode populations on 10 different plants also showed varied suscepti-
bility of sturdy plants to difforent populations of the root-knot nomatodc and,
in thc authors! opinion, at least 5 different forms can be isolatced from tho
populations tosted.

To verify these obscrvations, wo grew resistant plants in flower pots in
soil dehelminthized by drying in the sun, and thon infested these plants with
. different nematodc populations; by the word "populations" we mean invasion
larvae taken from onc plant spccimen, although from differcnt oothecac. In the
coursc of the season, cotton was infested many times with populations teken
from cucumbers, tomatocs, tobacco, balm mint, acalyphe and, in the capacity of
a particularly aggressive population, with oothecae developed on maize undcr
natural conditions, in so doing, invasion matcrial was taken from differont
plant specimens grown in differcnt placos. Experiments with all populations
produced idontical rosults: invasion = rvee oasily infiltrated roots, began
to develop there causing small galls, but died subsequently, becausec they were
uneble to form giant cclls. Identical results wero obtained also with clover:
all populations infosted the plant sudcossfully, completed there their develop-
ment, and fomalces began to hatch cggs. N6 variations were noted in the devel op=
mental tempo of the different populations.
Invasion of maize, on the contrary, produced quite different results. In
many cases, wc wcre entircly unable to infest it; in somc cdses infcestation
occurred easily and somotimes oven to & considerable degreco. Of the populations
tosted, taken from balm mint, acalypha and tomatocs, only thosc taken from .
tomatocs infested maize. This rocurred in two serics of cexperiments conducted
consecutively with differchit maize varictios and with populations taken from
plants of differcnt placcs.

Can a conclusion be drawn from these oxpcriments as to the actual oxist=
ance of diffcrent "racecs" of the root-knot ncmatode, with only a fow of them
bcing able to infest maize? We boliove that it cannot be dono and that the

ga difforence in invadion results is duc rathor to & varying activity and viability
‘ of invasion larvae. A scasonal variation has becen obscrved in the resistanco
of maize; in the spring its infostation is unsuccessful, but at the end of
summor it-proceods succossfully, In 1946, maizc grown on a sector near the
farm was not infested by the nomatodc (with very raro excoptions), but at the
end of summcr it was casily infested by soil taken from this scctor and. contain-
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. ing larvac dovcloped chicfly on tomatoes and cggplant. Soil tekon from another,
very small garden in Sukhumi at the ond of summer resulted in invasion almqst
oqually of maizc and of cucumberss 402 galls de¥cloped on the cucumbors planted
on 2000%cm of this soil, and on maizo 323 galls. Yot, in thc spring this soil
failed to infest maize growing in flower pots, and among the fow maizc plants
groving in thc little gorden, only one was slightly infostcd by the root-knot
ncmetodo. . [Bogin p. 446] '

It is noturnl to presumc that the scasonal verictions in infestation aro
duc to the big differonco in the number of invasion larvac provalent in the
soil: if, in tho fall, thoir number was upward of 200 spocimens on 1000 em®,
thon in the spring thorc could be only single spocimens. In the spring,
invasion capacity of larvac which had beon starving since fall must also bo
much lowcr than in thosc froshly omorged. All invasion material uscd to infost

" meizc in pots was frosh, honothcless, the maize was infosted only by tho popula-
tions takcn from tomatoos. Ono must assumo that larvao which doevelop on tomato-
os arc morc viablc and morc aggrossive than thosoc on balm mint and acalyphe,
for larvao doeveloped from cggs of large fomalos on susceptible plants arc larg-
cr thaf larvac doveloped from the oggs of small females on more resistant
plants. As per our measurcments, the average sizc of invasion larwvac from the
oothocao of .largc fomalos was 429 4 14 units*, and from the oothceao of small
ones == 414 4 14 units* (upon measuring 122 spocimens of cach group) .

An intoresting phenomonon is the difforenco in thc susceptibility of
cotton to tho root-knot nematodo in the USSR whoro cotton is rosistant, énd in
. tho USA whoro tho ncmatode is considored a serious parasito of this crop. Has,
thoro roally dovcloped a spocialized nomatodo raco, or doos the matter concorn
the host and not thc parasito? It is known that cotton reprosents a complox
of diverso forms. A similar divorsity is obscrved also in plums: in the USSR
they do not bocome infosted by thc root-knot ncmatodc, but in tho USA thoy
froquently are affccted by heterodorosis. Such difforences in suscoptibility
in the samc plant varietics arc, howcver, very few; in the large majority of
cascs, roforoncos to plants susccptible or resistant to the root-knot nematodo
arc idontical in all countrics throughout the world. It is truc also that
different populations did not succced in ocausing certain types of galls infosb-
cd plants; in o casc of slight invasion gnlls dovcloped only sparscly in & casc
of strong invasion — galls word large and numerous, rcgordless of the popula-
tions wo uscd to infest a plant. Thus, up to now, wc have bocn unablc to ostob-
lish the cxistcnec of forhs of root-knot nomatodo that posscss a specificity
with respoct to nutrition. Thcere is no cvidonco that tho difforconces in invo-
sion capacity arc fixed horecditary characteristics of somc populations, and
thorc is no doubt that in a scrics of cascs thesc differcncos arc conditionod
by changes occurring in tho physiological condition — age and viability -~ of
larvac and in tho condition of plants. ‘

The oxclusivo polyphagia of the root-knot ncematodc prompts the hypothesis
that its cvolution did not mr ogross in the dircction of increasing specializa-
tion of thc parasito in relation to its hosts, but in thc dircction of a dccrcas=-
ing specialization, and that the root-knot ncmatodo acquired the ability to ins
fost plants oxtrcmcly divorsc systematically. It is, however, hardly probable

. that o specics with so wide a roalm of distribution and seo large o number of
hosts should roproscnt somothing homogecnous; it is, howover, much morc difficult
to ostablish rocos among root-knot noematodes than among the othor species of
plant parasitic ncmotodcse..

* micron
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. "Noveoe v urhenii o gallovoi nemetode"

[WEW IN THE STUDY OF THE GALL NEMATODE]

-

A, A, Ustinov

pp. 446-452.

CONTROL MPASURES AGAINST THE ROOT-KNOT NEMATODE

There hardly exists another plant parasite against which so many control
measures were tested as against the root-knot nematode. 1In foreign countries
the bourgeois regime does not allow expansion of state measures and therefore
the invasion of the fields by the nematode steadily increasss. For exampile
in Florida and California the cultivated [begin p. 447] fields are so severe-
ly infested by the rvuot-knot nematode that only cultivetion of plants re-
sistant to it or ripening early is possible.

In the USSR.a series .of effective control measures arc 2pplied against
thc root-knot nematodo )

Physical control measnris

Among phvsicul control measures tha thermal onss are dovsloped, first
of &1l -—~ partial sterilization of ths 5011 with steam. . The technical re-
quircment is e saffici;nflv deep hesting of the soil up to 60-65°C." This .
method is used in the U.S5.A. for control of the rgot- ¥not nematode in green-

" house s01l but in other countries it hes not spread; in open ground on &
somewhat extensive scale it is not adapted anywhere. Various temperatures
were suggested for heating of the soil; the most widely used for this pur-
‘pose are sets of perforated pipes through which super-heated steam is led
under high pressure from a steam boiler.- Attempts were made to usc boiling
water instead of steem for the heating of the soil, but this is & leoss
effective moasure and requires an énormous amount of hot water — more then’
800 liters per cubic meter of soil.

Hot water was suggested more then once for “dehelminthization" of
living plants; in the Soviet Union corresponding expsriments were conducted
by Ikhtinskaie and Arkhangel'skaia (1939) for treatmonts of "levanda"
[lavender ?], by Selivonchik (1938) and Ustinov (1938). Warm baths were
grranged in & barrel into which e pail was dropped. Into both containers -
wes poured water of equal temperature and durlng the work very little hot
water had to be added into the inner container 'in order to meintain needed _
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temperature. Before dehelminthization the plants werc kept for 30 - 40
minutes in warm water at 42°C, than they were immersed in the bath and after
the bath immedietely cooled in cold water. A 50° temperature was offective
when the exposure was considersble (at least 15 mlnutes) According to our
experiments the most suitable method is the iumersion of roots in & bath for
5 - 10 minutes at a 51 - 53° tomperature; but not all the plants ean stand
"this treatment.

Heat dehelminthization of plants in the control of the ganll nematode
cannot be standardized in the same measure as was possible in the control
of the stem nematode in hyacinth bulbs. The assortment of plants affected
by the root-knot nemotode is very large and their tolerance of heat varies,
and meny of them can endure it considerably less well than the hyacinth
bulbs. It is very difficult to adjust the temperature such that the nematodes
would be killed and the plants would not be harmed. Therefore this msasure
did not become part of established practice e:ther as means of quarantine
or treatment.

Chenical control measures

An enormous number of chemical substances were tested sgainst the root-
knct nematode. Attempts werc made to introduce "OV" [sccording to Callahams
abbrev. "otravlimiushchie veshchestva™ — toxic agentg i.e. fumigants] into
the soil for ‘treatment of infected plants, but they were not successful;
&1l the fumigants are poisonous for plants and can be applied only for the
treatment of thc scil befors planting. Scil fumigation presonts consider-
able difficulties. The interaction which devslops betwecn the fumigants
and the soil chenges the effectivensss [begin p. 448] of fumigation in
various soils (thgarev 1936). A considerable portion of the chemicals
ars not ayailable for fumigation, being sdsorbed by soil particles, and
some of the fumigant cvaporates; thirsfore the amount of poison used for
soil fumigntion should be hundrods of times larger than for surface treat-
ment. Carrying out of fumigntion is more successful in warm (but not hot)
weathor (about 20°C) the soil has to be well cultivated and relatively
dry, boecause tho grocter part of the fumigent does not penetrate moist
soil. The poison should be introduced intoc the soil in large amounts at
25 em intervels; in sm2ll aress ths work c¢asn be carried out with the help .
of an injector or under a shovel; for the treatment of large areas
apparatuses are constructed which are sttached to plows. ™hen powdered
substances are uch, it is bottor to distribute them 21l over the plot’
fcontlnuously] cultivating the e=rth so that the poison will be beneath

a layer of earth. For succcssful fumigation, immediately after introduc-
1ng the chemicals the soil hts to be covered — this is a necessary
condition for the effectiveness of fumigation. A certain substitute of
covering cen be achieved by wetering the soil from the surface, which also
inhibits evaporation of fumigant. The surplus of chemical substances is
toxic for plants; therefore after removing the cover, end 10 - 15 days

~are required for alrlng of the soil before planting. The magorlty of
fumigants have = favor&blb effect or the growth of plants increasing the
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anount of nitrogen substances in the soil.

As 2 rule no substance cxterminstes completely the nematodes in the
soil, but only reduces the population to an economically unnoticeeble level.
A negative characteristic of fumigation is that it destroys also naturel
oncmies of nematodes. It is pointed out that a valuable characteristic of
fumigents is that the majority of them are not only poisonous for animals
but are also fungicidal. 4And this mesns that they kill not only the devour-
ing pre-parsositic larvae of predators but also the fungi parasitizing
nematodes and thus considerably reduce the number of their enemies. It is
understendable that this makes it emsier for the surviving specimens to
rebuild the population. The results of experiments with the control of
root-knot nématode conducted in the USSR were already published {Ustinov,
1934, 1939). After the publication of these works, the trestment of soil
with "tsianplav® [? cyan-fusion ?] was tested. At & dosec of 100 g. per
1m® (1 ton per 1 hectare) in a sandy soil the "tsianplev" [¢] produced
& noticeable nematocidal effect by roducing the contamination of plants in
cultivated plots on the average 1-1/2 times os compared with control plots;

the nemstode.

In order to compare the effectiveness of verious control measures it
is necessary to give a numericol-eveluation of the degree of infestation
of the field plot with root-knot nemetode; and for that purpcse the in-
festation index of the given plot has to be caleuluted. e determined the
index in the follewing menners: the plants in the plot woro pulled out and
examined thoroughly; if the plot waos smell —— &1l the :lants were examined,
in cose of a larger field section — every fifth or tenth plant. The most
precise method for the evaluation of the infustation of individual plants
is the tabulation of 2ll the galls on their roots. Rut even this method
cannot produce entirely precise results becrusc Hno s£1ls cun be of wery
differont sizes; in order somewhat to roducc thosc ﬁiffercnces it has becn
accepted to count ezch 2 mm (lengthwise) of large gelle for one gell. How-
ever when the thicknoss of the gall is considerablc, in 2 mm of its length
there are many nematodes so¢ that such o section equals not one but meny
individual galls. It is necessary to limit field work to an approximate
evaluation 6f the degreec of damage [begin p. 449] of the rcots expressing
it in units. Adding the units and dividing the sum by the number of
plants checked, the mean level of infection ¢f rne plant in the plot is
obtained. Multiplying this by the percent of affected plants and dividing
the product obtained by 100, the index of infostutiocn of the plot is
calculated. Comparison of indexes of various plots made it possible to
express the effectiveness of measurc in percentage. The most effective cof
the now known nematocides is chloropicrin. In cmparing the results
which we obtained from the use of this funigant with date from literature,
it can be seen that for tho heavy and moist soils +f Abkhaziie larger
dosages of chloropicrin are requircd than those reesmmended in the U.S.s.
There, 25 to 50 g. por 1 2 desages ore ususl while in our experiments the
25 g. dosege produced 2 wenk effect; o 50 ge dost.ze (which equals 500 kg,
por hectere) roduced 4 times the infestition in comprrison with the control
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and freed the pldnts for one year from & serious invasicn. Only very high
dosages of 100 g. per 1 m? pfoducc o considerable effeet reducing the in~
festation more than 20 times.

Bthylene-dichloride and methyl-bromide were suggested as fumigants
which are choaper than chloropicrin. Both substances ere toxic to humans
and the former is, besides, inflammeble and explosive. American publice-
‘tions recommend for ethylene-dichloride a dosage of 15 cm® and for methyl-
bremide ~— 40 g. per 1 m2 of soil. There are no reports yet cn tests in
the USSR of thesec substances ageinst the root-knot nematcde. Apparently
the ester of dimethyl-dithin~-carbamic acids synthesized in our Scientific
~Institute for Fertilizers and Inscct--fungicides represent nematocides
with greater promise; they are produced as s dust (with kaolin) and are
powder-like substences which do nct require the use of & gas mesk; acccrd-
ing to preliminary experiments in 1948 they cause a considerable decrwase
in soil infestation. DDT and hexachlorane appeared to be ineffective in
the control of the root-knot nematode.

Progress in chemistry promises discovery of new fumigants which will
meke the cultivation of soil a less expensive measure; nevertheless it is
hard to see how soil fumigation can be so attaindble that it will be
possible to use it on a large scale in the field. So far the chemical
method is being used only in & covered [enclosed ?] ground. Soil treatment
with chloropierin was successfully applied in the control of the root-knot

nematode 'in 1935 in vegetable hothouses of the sovkhoz “Chervoni Zori" in
Khar‘kov.

Agroteehnical control measures

The difficulty of control of the root-knot nemetods by the chemical
method compelled already the first ressarchers to emphesize control with

- the help of resistant plants. Resistant plants in a suiteble crop rotation

are the most practicable and oftun the only possible method of root-knot

- nematode control in the field in reletively large areas. Other agro-

technical measures such as fertilizers, dates of planting, clean fallow,
as well as “lovehie™(?] plentings and flooding or drying out of the soil,
are of lesser importince and in mujority of cases are only auxiliory
measures. ' '

Data on plant resistence to root-knot nematode aré scattered in
very many works published in most diverse publications. In Russian
language most of the muterisl is gethered [begin p. 450) in the collec-
tion published by the All-Unicn Instituto of Plant Protection "Collection
of articles on nematodes of ugricultural plants", edited by E. S. Kir'ian-
ove (Sel'khozgiz, 1939).

The problem of the cause of resistance was brought up only rarely
(Klechetov, 1947). Foreign pepers, mostly short notes frequently in form
of letters, are limited to simple statements of instances of resistance,
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‘ without efforts at their explanation and theoretical basis. And also the
foreign euthors quite incorroctly consider the plant resistance to root-knot
nenatode as an unchanging static property of the given variety which does
not dépend on the plant's growth conditions, stage of its development and
state. Therefore the dete from different authors on résistance and sus-
ceptibility of plants frequently contradict each other.

The most important task is the further study of immunity and the
establishing which resistance factors — anti-bodies or & rapid root-
development — are of greatest significance. Under unfavorable conditions
of development the resistance is lower and sometimes highly resistant
plants are affected by the nemetode as, for examplc, the peanut, a con-
siderable infestation of which was observed in the Kazakhstan and Uzbekis-
tan; even more frequently corn loses its resistance. It is true that not
all the observations of infestation of resistant plants are reliable, be-
céuse susceptibility is sometimes mistakenly registered according toc the
presence in the roots of only larval stages of the nematode and we know,
that larvee penetrate re31stant plants and begin to develcp there, causing,
thickening of roots. '

Anti-nematode crop rotations are bu1lt chiefly of resistant specics
and varieties of legumes znd of cereals as well as grasdes. buSceptlblp
plants should be planted in contaminated soil after a 2-3 yenr interval.
The influence of a change of crops on the root-knot nemmtcde was followed
up at the Abkheziia zonal tobocco experimental station. Records teken in

. experiments precsded with tobaces showed that even. a ono=year cultivation
of resistant plants grestly reducos. the’ damavo to- plant= (Tstinov, 1934)
Study of soil infestation with 1“vad1n5 larvoe confirmed its cn planb-
indicators plavted ir 900 cmd of soil from the tOb&COL fluld 876 galls
developoed and from the ocdjoining corn field — only & ;=lls. The Depert-
ment of Field Industiry of the station defelupbd for Abkharxla's tobacco
farms a six-field crop rotetion with the follow1ng crder of cropss

1st ye&r Wheat and perennial grosses (red clover and rye grass);

2nd ~ perennial grasses of second yeer of use;

3rd " - tobacco over a layer of perennial grasses, in the fzll white
lupine nver green fertilizer;

4th " - corn over green fertilizer, in the fall vetch-cats mixture

) for hay; ' »

5th " - tobacco over stubble, in the fall peas with rye for hay;

6th " - corn over stubble, in the fall sowing of wheat with
perennial grasses.

The experimental crop rotaticn was conducted in a plot infested with
root-knot nemetode and with its introduction the’ root-knot nematode ceased
tc multiply in mass and did not cause severe reduction of tobacco yileld.

In another plot of the samc experimental station in 1935 71 - 95% of
‘ tobacco was affected with root-knot nematode and damage to the plants was
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so severs that o further planting of tobacce had to be stopped. The plot
wes occupied partly with cabbage and suger scrghum and remeined partly unused.
By 1938 the soil infestation wes so much reduced [begin p. 451] that of the
plant-indicators planted here only a few wore slightly affected by the root-
not nemotode. The grass ficld crop rotation which are being introduced now
du¢ to the resolution of the Party and tho government, heve to be effective
both prophylactically as well as a trectment ageinst the root-knot nematode,
especially when cereal grasses and not legumes are introduced. The vegetables
are. the ones which suffer meinly from the root-knot nemetode in the Soviet
Union; on vegetable farms it is also possible to contrcl nematodes by way of
crop rotation. On large farms crop rotaticn with introduction of perennial
grasass is possible; in smell workers' and home gardens the earth has to bo
planted every year with voegetables, but it is necessary to alternate the
plonting of more susceptible plants with resistant ones. For tho latter cun
be used onion, garlic, corn, cabbage and other nmembers of the mustard family,
spinzch, sorol, Jerusalem artichoke (¥ery resistant plant), in the South —
resistant varieties of sweet potetoes.

In arid and hot arees nematocidal offsct is produced by clean fr.llow
under the conditicn of several additional repest plowings of the soil during
the hottost period; Brodskii and Zemlianskaia (1946) checked the effective-
ness of this measurc in the vieinity c¢f Teshkent. Mineral and manure
fertilizers reduce harvest lesses caused by rooct-knct nematods, but they
are not a control mecsure, with the exception of ctleium cyanoamide, large
dosages of which (7 t. por 1 h.) decroase goil infestation. Green
fertilizers are meorv cffeetive than ~r. the minoral cnes, becauso they are
u binlogical method »f nemetode control.

Bivlrglenl elintrol mensures

<

Proctice long oge domsnstre ted the effectivencss ~f biczlogienl control
measures ugninst the root-krst nematsde. It is frequently roecommended in
srder te reduce the hormfulness of the roct-kast nemetsde to intreoduce inte
the soil arcund the trees furtilizors of straw, gross or other plant materials.
The nematoeidal action ~f this measurec was explained by en improvement of
cenditions of tree growth or by the separution, during the decompesition™of
the introduced substrnce, of priscnous gesces which destroy the nemetodes.

It has been only relatively rceently found cut that the effectiveness of
plant residue is conditi~ned by tho fact that they create favorabls condi-
ti~ns for the developmont of a larsc numbor of parasites of the roct-knot
nemztode. Koraeb and Butlkevskii (1939)point cut the harmfulness for the

beect nematedc of plewing under -f sweet clover 2s o green fertilizer, ox-
plairing it by the fact thht the rotion mass of sweet clover is harmful for
the nomatede. But the signifiennce of swoot clover is herdly spucific and
probably the matter here is «lsc in the dévelopment of nematode's gnomius

in ctundant deteriosrating <r.oanie motter. Cur observations in the Abkheziin
tobuceo cxperimental stati:n onstrated the favorable effect of "sideraticnV
[onriching land by plantir: 1izumo eropl on decontamination of plcts infest-
gd with ront-knct nemetode. Furticulerly merked wes the decoataminntion in
tho plet where the tobsuicer surffored =lz~ " frem scil ernsion ond 7o s o

dame.ged that it produced - luest n- yiclde After n comploted "sideration®
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. (meinly with lupinej the tobacco yield was satisfactory and its infestation
with nematode was very limited, . :

;‘

Qutlines of control measures ageinst the
' root-knot nematode

In greenhouses the control measures come down to removing and destroying
roots of diseased plants and to destroying larvae of root-knot nematodes in
the soil. This can be done by partial sterilization of the scil with steam,
its treatment [begin p. 452] with fumigants and, in an extreme case, by re-
placing the coptaminated earth with non-conteminated and by thorough cledn-
ing and coating with lime of the walls, corners and bottom of the frames.

Of great importance are prophylactic measures against introduction of
root-knot nematodes into the hothouses. The law of the Five-Year Plan
specifies the development of hothouse farms in the vicinity of large cities
which mekes the problem of their protection against the nematode very real;
foci of the latter were found im many points of the Soviet Union and
probably by no means all of them were disclosed because the demage caused
by the nemetode under field conditions further north is negligible. But
when brought into hothouses the nematode can become & most dangerous
perasite and its control will be very costly.

The leading measures under field conditions are agrotechnical. The

‘ decisive factor for annual plants in the control of the root-knot nematode is
the introduction of ercp rotations preferably in combination with cther
measures: green fertilizers, introduction of inexpensive fumigents (for
example calcium cyanemide) in arid areas-arying of the scil by way of
additional re-plewings in the summer. In order to reduce the state of in-
vasicn of the soil, the roots of severely affected plants have to be removed
from the field after harvesting and destroyed; it is particularly impertant
and easily accomplished in vegetable gardens.

Methods for destruction of the nematode in growing perennial plants
are nnot yet known. Higher resistance of particularly susceptible species
and varieties can be achieved by way of their vegetative hybridization
with more resistent varieties. Improved feeding »f diseased plants by way
of introducing fertilizers decreases the harmful effect of the nemetode;
planting between the trees of cover crops, resistant to the roct-knot nema-

tode or keeping the soil as & clean fallow reduces the state of invasion of
the soil. ‘

A redical decontaminating measure is the planting, in a seriously in-
fested soil, of perennial plants resistant to Heterodera infestation. Such
action was taken in & sovkhoz near Sukhumis: lavender which was in the process
of destruction frém "heteroderosis™ was liquidated and the plot was occupied
with Aurentiaceae., After a fow years we could not find here any nemdtodes
at all even though & small amount of them probably remeined on weeds.
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BIBI,JOGRAPHY
The root-knot nematode belongs o the number of ths most do nr rous

parasites >f agricultural plants end therof re netur: 1ly stirscted tho at=-
tention of researchers in all tho countrios of the world. 4 limited number
of writings on this subject are scattered inm works of instituticns of highsr
learning and zoolegical institutes of tho Un¢un's Acadsmics of Science, in
publications on plant protodtizn ete. “io'ds not yot heve & poriudieal which
would review these writings. An nndex of cur counbry's liturature on plant-
ting nematodes for 1936 was pub:lished Hﬁ 5, S, Kir'iznoon (1939); later
writings on ront-knct nematode aras indicatod Lelow. Foreign litercture on
roct-kn~t nematode is repreosented meinly by shinrt notes and ;
frequently on problems of nematode contesl, and they are sen
diverse putlieations. The last woncprs ”
wes published in 1911 and is now only of histeriesl signid
raphy of older (up ©s 19 orks on nemitod :
w:s published bty the Enpli mrorial Beoroua of Agricultural Paresitolegy
(helminthology ) 1931. nes 1932 and up to the present time the Imporial
Buroeav pqgllshe a bitiiseraphical jourrel "Ho lminthologicel Abstracts"
which reviews tho 1 thcrauu.u or parasitic worms. From 1930-1933

the bureau publis; biblicgraphienl handbooks on helminthology ("Riklicg-
raphy of Helminthelapy") which became in 1934 part of the above-mentiocned
journal. - fhogin p. 453] '
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Verigina, K. V.

Agrokhimicheskii Analiz Pochv v
Laboratoriiakh MIS
[Agrochemical Analysis of Soils

"in the Leboratories of MI'S]

Izdatel'atvo.Akédemll Nauk SSSR,
MOSkva-, 1954:’ : AN Y A %8»962"

"~ ABSTRACT

Introduction to above title states in part. "The non-black soil belt con=
stitutes 30% of the territory of the USSR and about 50% of the European part of
the Soviet Union.

"Among the scils widely distributed in the nonwblack soil belt are podzol=
izod .soils which form under coniferous mossy forests, peat-podzolized soiils :
which develop undér mixed grassy wooodlands, and gray woodland soils adapted to
broadleaf forests.

"In the non-black soil belt, particularly in its northern part, are sprcaq
also podzolizoed gley soils and poat soils of lowland and uplend bogsg,fertile
meadow soils develop in tho river valleys of this zone.

"podzolized soils cover the northern part of the non-black soil belt. It

is characteristic for them to develop in the upperpart of their proféle a Whitlsh

podzolic horizon deficient of organic matter and nutritive elements. The
podzolic horizon always has an dcid reaction, lacks sitructure, and 1is composed
chiefly of a fine guartz powder. The magnitudc of a podzolic horizon is varied
and fluctuates from a few centimetors te 40-50 cm. Substanc.s which are leachcd
from & podzolic horizon store up lowad:in thu alluvial horizon. The alluvial
horizon usually has a brown coloring, & solid toxture and a heavier mechanicel :
composition than the podzolic horizon. It frequently pdssesses an ecid rcactidr.
The alluvial horizon gradually turns into matornal rock."”

The author further discusses in dotail thedifferences between podzolic

soils and péat-podzolizcd soils, and technics and fertilizers roguired for their
cultivation. Author explains importance of soil properties, nitrogen sourcces
other than by introduction with fertilizcrs, role and availability of phospaorus,
potassium and other n: tritive clements essential to plant lifce. Methods for
determination of natural “content of above elements &nd of soil moisture appear
to be described adoquatel. Mothods and proccdures for anclysis ond formulas fa
mixing fértilizers arc worked out, and roquircd cquipmecnt is listed in the %
appendix. ’

Translator belicves that booklet containe valuable material, finds text
rather "scientific" and far from easy.
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Ke V, Verigina

Agrokhimicheskii Analiz Pochv
v Laboratoriiakh MTS

Lgrochemical Analysis of Soils :
in the Loboratories of MTS :

(For the non~black soil belts)

Izdatel 'stvo Akadomii Nauk SSSR
Moskva 1954
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The Onion Nematode- Ditylenchus Allii (Beijerinck)
(Zoological Institute of the Acadeny of Sciences, USSR)

~ The onion nematode or the stem nematode of onions- Ditylenchus allii
(Beijerinck) is an dnion pest of grave importance in a number of the European -
. regions of the USSR. Thus, considerable decreases in onion yield were noticed
in the District of Arzemas, Gorki Region in 1938-1940 and in the Penza and Kursk
Regions in 1939. These decreases in yield were due to injuries caused by the
onion nematode.

The work described here was conducted in 1939-1940 upon request of the
Lenoblplan [Leningrad regiohal project] and the Gorki Regional Experimental
Station for Field Husbandry. The war years delayed the publication of this
work, but it is not outdated even at the present time. '

Investigations were conducted in Laboratory for Lower Worms of the Zoolo-
gical Institute, Academy of Sciences, USSR, in greenhouses, and on the ex-
perimental field of the Leningrad Regional Station for Plant Protection at
Petrodvorets. Simular work was done at the village of Kichanzino on the ex-
perimental lot of the Arzamas base of the Gorki Regional Experimental Station
for Field Husbandry. In addition, in the Arzamas area, material was collected
in the following villages: Abramovo, Vozovatovo, Zabelino, Merlino, in i
Krasnoe Selo, @nd in Pushkarka where inspections were conducted on KolkFoz

) fields adjacent lots belonging to individual farm workers [Kolkhoznikil. 1In
’ Leningrad and in Potrodvorcts all observations and experiments wefe carricd out
AL dircetly by the authof with tho help of a laboratory workor, M. M. Gricheniuk,
“. and tomporary workcrs. The main place of work at Kichanzino was tho oxpcri-

” mentel "nomatode™, basc ncar the. farm which consisted &f two ncighboring plots

bolonging to farm workors, and was trcatcd as one plot. “In provious ycars, the
farmers had grown their onions without rotation of crops. Their onion yield
drioppod markedly, end in 1938 thc cntirc onion crop was ruincd on both lots duc
: . to its extromely strong infostation by the onion nematodc. Then,upon request
of the Arzamas basc, tho kolkhoz assigncd the abovo-montioned farmers adjacent
lots at anothor placc, and made their original allotments availablc to thc ox-
pcrimontal basec. Thus, thc Arzamas basc acquircd a lot for its investigations,
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mecasuring about 0.1 ha which was badly infcstcd by thc onion nematode. In the
yoars of 1939~1940 a scrics of cxperiments was initiatcd on this lot for the
purposc of making a study of the onion ncmatode and of discovering measurcs for
its control. Our wishos conccrning, primarily, thc idcontification of foragoe
plants susccptiblc to thc onion nematodo and the development of agrotcchnics ™ for
its contfol, wcre taken into consideration when those cxporiments worc begun.
(Begin p. 513) As a rulc, we chocked ficld obscrvation by microscopic analyscs
of which forc than 10 thousand were made in Kichanzino and about as many in
Loningread.

Working Mothods. To analysc infcstation of wholc plants as wcll as thcir parts,
we used two methods: 1) cxamination of the morc doubtful tissuc scetion with
binoculars and undcr a microscopc if a drop of purc watoer on a slidc or watch
glass, or somctimes in Petri dishos. The infcsted plant tissucs were thon torn
into the smallcst possible bits with the aid of dissccting ncedles beforc or
during the invostigation proccss: 2) nomatodes worc cxtracted from the plants
with the aid of puro raw water (wator oxtraction of ncmotodes) as follows: the
wholc plant or a part of it was first clcarocd thoroughly of all soil particles
stuck to it (cxpecially if thc root system was to bo analyzed), cut up into -
piccos of 2«3 cm in longth, and placed in a glass of water or in"a large supply

. jor [moterial'moia banka] depending on the amount to be analyzed. Then cnough

purc water was pourcd into the containcr, calculated to immcrsc the bulk of

the plant. Aftor 6-16 hours, dcpending on temperaturc conditions in thc law
boratory, thc picccs of the plant werce removed with pinceors from the container,
with thce liquid lcft to scttlc for 30-60 minutcs. During this proccss, the
nomatodos sank to the bottom. Then the top layor of the liquid was pourcd carc~
fully, and the romaining liguid was pourod into a Pctri dish calculated to fill
up onc or two of its halves. The contents were cxamined with binoculars and -
the ncmotodes detcoted were taken from the wator with a fine dissceting nccdle.
In so doing, thc ncedlc was placcd undor the nomatodc body at its very conter,
perpordicularly to the longitudinal axis; the nemotodc wis liftcd to thc sure
facc of the liquid and removed similarly on finc nccdles. The point of the
nocdle was immcdidtely dipped in & drop of purc water on a slide wherc the
ncmatode romaincd. The proparcd compound was cxamincd immcdiatcly under & micre
scopo, ot which timc thc ncmatodes, morc oftcn than not, wero still alive. The
above described change in the funnol [voronochnyi] mcthod, uscd geonerally to )
cxtraet nomatodes from plants, simplifics the work and makes it morc conveniont.

Tho analysis of soil aimod at dctccting the onion ncmotode was implemerited
by washing a spceific bulk of soil through o sicve mnde of milling gauzc No.18.
About 1 kg of soil was taken from the layer under investigation and stirred
thoroughly; thon 25 cm of soil was scparated for analysis and placed in o glass
cylinder with an amount of water that cxeccded the bulk of the soil by 5-10 +

“times. Aftcer 3-4 hours, the wecll soaked soil blendcd thorouzhly with the vwater,

pourcd quicékly into thc sicve, and washod scveral timcs with frosh quantitics of
purc water. Then, the scdimont was transferred to a Petri dish and cxamincd, in
part’with binoculars. Nematodes worc caught with a noedlc as in the proccding
casc. It is osscntial to notc that there is no nced to wosh tho ontirc soil
spccimen to bo amlyzed through a siove, for thon its precipitatc would be so
largé that its oxamination would takc a great dcal of time and complicate the
work. Thc proccdurc of washing, on thc contrary, must be accomplishcd so as to
rctoin in the sicve the smallcst possiblc amdunt of soil scdiment. Tho ond
rcsult will cven benefit from this proccdurc, A tall glass cylindcr, about

40 cm in hcight should bc used for this purposc and the soil should bo stirred-
in water in this cylinder, for it provides quick rotary motion beforc draining.
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As tho Iiguid with tho nomatodces is pourcd into thc sicvd, largo particlecs of

soil will scttle on thc botton and on the walls of the cylinder, and thorcby

the scdiment in the sicve will be considerably deercascd after the rinsing.
This will facilitato oxamination of the soil somplo and will in no way impair
accuracy of thc analysis. ' :

Composition of tho onion - Allium Cora L.-< On cultivoted onions in tho hrza-
mos arca, we found 16 ncmatodoc specics listcd in table 1. Of these, the
following four ncmatodes should bc addcd to the list of injurious spccicse
Apholonchotdes helophilus (de Man), Ditylcnchus allii (Boijerinck), Pratylonchuc
protcnsis (de Man), Rotylcnchus multicinctus (Coob.). Apparcntly, in addition
to thesc, the list of onion peste should includc tho half-parasitic ncmatodo
(Bcgin P. 514) Aphclonchus avenoo Bastian, cncountered froguently in plants in
very large niimbors undor ficld as woll as under storago conditions. Notcworthy
omong thc nomatodcs cited in table 1, is also Buccphalobus clongatus do Man,
which usually accompanics Aphelenchus “ovenao Bastian, cspecially when onions
ar¢ infcctod by fusarium or gray mold. Both of these spcecics arc attracted in
cxcoptionally large numbers. We shall rostrict oursclves to this briof date
concorning thc spocific composition of ncmatode fauna of the onion ond shall
recport tho rcsults of investigations aimed at clarifying the biology of tho
onion nomatodc and at developing measurcs for its control.
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-

. . Tablec 1.

List of ncmatodes found on onion plants in thc Arzamas arca

No. in'z | Parts of plont whoroe found

conscc.fj ; Tinme of ncmatodces < ]
ordor | : © Bulb | root iloaf
1 Acroboloidosbuctsshlii-{de Man)eeaees 4 f + ; &
2 AcroboloidCs SPesescevereriacsanassie 3 ! 4 I
" 3 iphelonchoides holéphilas™ {(ae Man)iiil. 4 3
4 | Apholenchoidos Spaseevesssrorrzaillill’ 4 | « .
5 . Apholcenchus avenac Bastian. «.iiiiaecas + " : -
6 : Ditylenchus allii (Beijéringk)i.iiiics + ; - L4 !
7 D. allocotus (Steiner)ecesceeeeriaiin 4 ! - i o
8 Pratylonchus protonsis. (de Man)Iiiiill + ! y 7~
9 ! Rotylonchus multicinctus (Coob)iiiiii: v : * P-
10 Euccphalobus &longatus de MAALIIIiiiiT + + ; +
11 Coph0lobUS SPesseceasasasesocsacsioans - e i +
12 Diplogastor longicduda Clius,iiiiie.e. + 5 + : i
13 Diplogastor SPieieiaiiiiiiiiiilliiiiil g | - 4+
14 Dorylaimus SPeeeeescececessansnscarass ¥ : -
15 | Paropholonchis psendepafrictinus (Mi=""
' o colotzky)iiiiiiaiiaiiiiiiiiiiiiiiiy - - F
16 5 Rhabditis SPececeeinstdirrcrseccrsanan + -+ ; _

Historygof study of onion ncmotedc - Ditylenchﬁs allii (B@ijorinck)§

b3 3

: " F.
The onion nomotodc wos originally describod by Beijorinck (1883) who had
obsorvefl its infostation of tho onion in Hollaond under the namc of Tylcnchus
allii. Wo find it impossiblc to aseribe tho honor of discovery of this spocios
To Kuchi, as some outhors (Nowhall, 1932; Chitwood; 1940); havo donc it on the
authori&y of tho famous work by Ritzomn-Bos (1888). 'The fattor octually roport
that, in tho ycars of 1877-1879, Kuchn had fode trichina in onions and had
dcscribed it as Ez%gnchus putrcfaciéns. This reoport had been published in tho
*Hallcsche Zoitung" in 1878 or 1879. This issuc, howcvor, soon bccamé un-
availablo, and Ritzcmo-Bos lost thc opportunity to study this articlo. Heneo,
he writes in onc of his own works that ho must "also leave unscttled the .+
quostioh as to whether or not Tylench which Kuchi had found in a sick onion
plont afid hdd namod Tylonchus putrcfocicns n. 8p. is idoxtical with Tylonchus
allii n. sp. describod by Boijorinck, (bogin P. 515) and in my invostigation
incorporatcd as Tylenchud dovastarix Kuchn. I, howcver, still think that it is !
onc and the samo spoeics." Hencc, there is no basis for crcditing Kuchn with
thc original doscription of the onion nomatode, particularly since therc arc
about 30 ncmatodc:spocics which can be found in tho onion; some of which accu-
mulato in bulb tissucs in large numbers at all stages of dovelopment. Furthor-
morc, Kuchn himsclf had givon anothor namc to thie ncmatodc he had found in the
) onion, so as to distinguish it from the stom nemotode spécios cstablished by
!. him oarlicr = fnguillula dipsaci Kuchn==Anguillula devastatrix Kuchn--inguilld-
lina dipsaci (Kuchn) Goodoy, 1932-=Ditylonchus dipsaci (Rughn) Filipjev, 1934,
Our cffjorts to obtain thc "Halescho Zeitung' proved futile. Thus, the identi-
ficatién of the onion nomatodc with Tylenchus putrofacicns described by Kuohn

n
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remoins 2n open guestion, and justifics our bolicf that Beijerinck's descrip--
tion is the first, fully authcntic doscription of thc stem nematodc of onions.

The spccics name of the stem nomatode ~ Anguillulina dipsaci--~Ditylonchus
dipsaci, which up to now cmbraccs the onion ncmatode or stom nematodo of tho
onion, dcscribed by us, was cstablished by Kuchn (1858) who had found tho
nematode in déedying grains from the hcads of fuller's=toazel (Dipsacus
fullonum Mill.). -In a fow years he, howcver, was forced to acknowledgo thot
this namc failed to imply the importancc of tha pcst which causcd also the well
known stom discasc of grain crops, including ryc and octs, described by Schwerz
as carly as 1825, and an analogous scrious discaso of clover and other plants.
Theroforc Kuchn decided to change the original name to & morc goncral onc, and
in 1868 hc suggestcd naming tho stom nomotode Anguillula dovastatrix (ravager)
and " hc proved oxperimentally (1869) that it can pass from fuller's-teazdl to

ryc. In subscquent yoars the stem discasc was described to other crops.

Witschke (1868) described the stom discasc of ryc in Gormany and named its
causal agent Anguillule sccalis. Prillioux (1881) described a discasc”of hy=
acinths in Francc causcd by the nomatode Tylenchus hyacinthi Prillicux.

Kuchn (1881) doscribod a stom discasc of alfalfa in Gormany causod,”in his
opinion, by a particular ncmatode specics = Tylonchus havonstcinii Kuchn.
Beijorinck (1883) deseribed the above mentionod snion discasc in Holland, the
causal agent of which was named Tylenchuss allii. In the yoars 1887-1892,
Ritzoma-Bos published o scorics of roports in which he described the ncmatodeo
discasc of onions, hyacinths, ryc, clover, alfalfa, buckwhcat, and of mant othor
plants in Germany. He arrived at the conclusion that the causal agent of the
widely sprcad stom discasc of many crops was onc and thce same spceics - Tylone
chu dovastatrix (Kuohn), idontical with thc &pccics causing similar discascs in
diffcrcnt ¢rops described by various authors. Thus, hc belicved that Anguillula
dipsaci, A. decvastatrix Kuchn, Al scecalis Nitschke, Tylcnchus putrcfacicns
Kuchn, T. hyacinthi Prillicux, T. havonstoinii Kuchn, ond also Tylonchus ¢ ¥~ .-
askenasyl oxtractod from moss (Buctschli, 1883) arc synonymous wi th Tylcnchus
dovastotrix (Kuchn). It scemcd that the oxporiments of Ritzcma-Bos fully con-
firmed his hypothcsis concorning the identity of these nomatodeos. He infested
onions“with nematodes taken from hyacinths, and hyocinths with nemcatoddés from
onions. All of this justificd thc assumption that tho stom ncmditodc T. davastae
trix (Kuchn) is tho causal agent of discasc in 34 plant spocics. -

The opinion of Ritzoma<Bos is gencrally accopted cven at the prescnt time
but the spocics name suggestéd by him did not take root and was displaccd by
tho namc Ditylenchus dipsaci. The goneric namc had boen changed carlicr in
conncction with the work of Bastian (1865) {begin P. 516) who had cstablished th

. gonus Tylenchus, ond upon suggestion of I.N. Filip'ov (1934), thc name Ditylcne

chus was uscd instcad. At the prescnt time, thc name of the stem nomatodc usod
most cxtcnsively is Anguillulina dipsaci (Kuchn) Goodcoy, 1932 and Ditylenchus
dipsaci (Kuchn) Filipjov, 1934-1936. Thc list of hosts of this ncmotodc in-
cludes morc than 300 plant spccics, among them many cultivated plantss onions,
oats, ryc, maize, potatocs, bocts, clovor, alfalfa, dnd wild flora: chick-wocd -
Stcllaria’media Cyricl, bedstraw ~ Gallium apdrinc L., snowdrop - Gulanthus
nivalis L., bindwecd - Convolvulus arvonsis L., Stornborgia - Stornbofgis lutco
Kor.-Gawl., orachc - Chonopodium albtum L., moadow grass - Poa annua L., coudh
gross - Lgropyrun ropons P.B., crowfoot = Ranunculus rcpens L. and so forth.

Tho vastnoss of this group of hosts can bc scon 1A tho works of Schnoider (1937)
who discovered the nematode Tylenchus dipsaci var. tobacnsis in the galls of
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pond wced ~ Potomogoton malqyanus and parrotfcather - Myriophyllum spicatunm in
Southcrn Sumatra, and in thc works of Zellor (1937) who found it in thc samoc
plants in thc vieinity of Vicnna. According to litorary data, the stem ncmatodce
has o world-widc didtribution and its hosts arc not only surfaco plants, but
"also aquatic plants. On onions it lives in very many countrics; besides Hol-
land and Germony (Beijerinck, 1883; Ritzcma=Bos, 1888), thc ncmatodc in found in
Francc (Chatin, 1884), in England (Goodoy, 1933), in Amorica (Iaidlaw ond Pricc,
1910), and in Southcrn India (Barber, 1905). In rcccnt times, Thornc (1945)
‘segregated the pétato stom nocmatodc as a scparatc spocics = Ditylenchus destruc-
tor Thornc, 1945. 1In thc USSR, thc onion ncmatode was first mentioncd by Fokin
TI524) who, without sccing the ncomatode, attributecd to an onion discasoc in .
Viatka (now Kirov). Onion injury by thc stom nematode in the USSR cttoincd full
authenticity in ‘1935 when we reccived discascd bulbs from thce "Gaint" sovkhoz

in thc Rostov Region and from thc kolkhoz named for Kaganovieh in thce Penza Roe
gion. In 1936 we rcccived bulbs infestod by wornms from thce stora;c rooms of the
Loningrad Fruit-Vegotoble Morkcting Entcrprisc [Lcnplodoovoshchtorg] and fronm °
tho Pella Station of the Loningrad Rcgion.” Wc notod with intcrost the very larg
dimcnsions of thc worms as comparcd with thoso from potato tubers. Investigos
tion confirmecd the fact that specimons of tho stem ncmatode from potatoos of
various geographical points arc considerably smallcr than thosc obtained from
onions. " This diffcronce in dimcnsion was obscfved in comparing adult spccimcns
as well as in comparing larvoac phascs and czgs. In addition, permancnt dif-
fereonees in the nematode were obscrved in thé position of the vulva and in sizc.
alpha (rclation of body length to its width). Therc cxisted obvious difforcon-
ccs betwoen the stem nenmatode of potatods and that of onions; a roport to this
cffcet has been made (Kir'ianova, 1939). At that timc, almost nothing was

known about the biological differcnccs botween thesc nematodos, save Goodey's
indications that in England, onions, whecat, barlcy, ryc, oats, fodder, bocts,
turnips and pcos grown on a lot infostod by thesc pests, were not affected by
the potato ncmatode race, although, as per his own romarks; this could havc beon
duc to insufficicnt infostation of thc soil (Goodey, 1935). No onc had under=
tokcn a thorough study of the onion racc, and it was, and by moany:still is,
considercd to be a parasite preying on various cultivated plants. The fow aue
thors (far instanco, Stcincr and Scott, 1934), who cndcavorod to subdivide the
spceics Anguillulina dipsaci into scveral varictics, also listcd the onidn
nomatdéde togethér with mony othor forms undcr one varicty A. dipsacl var. com=
munis . (Bogln P, 517)

Morphology. “The onion fiematode (table I, 1) is characterizcd by a wcll-propor=-
tioncd “thread-like body. On tho avcrage, adult specimcns. reach 1500 micron in
length. The hoad and fail cnds of the body arc visibly narrowed down, with tho
tail onding in a point. Thc fnles arc o little fincr and considerably bottor
proportioncd than the fomalcs. Even Ritzoma-Bos had noted that the worms fron
onions werc visibly larger than thosc from ryc and hyacinths, and hc cxpldaincd
this faoct by the abundance of nutritivoe substanccs contained in the bulbs.
According to data by Ritzcma-Bos, in Germony, malcs of the onion race érc, on
the average, 1510 micron in longth and fomales - 1540 micron in longth. Ouf
neasurcnents of ncmatodes from onion bulbs procduccd closc figurcs (Tablc 2).
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| ' ' | . Tab;c 2.

Dimensions of onion ncmatodc Ditylenchus allii (Reijerinck, 1883) as pcr

e terial from differont placcs

i Meteriol i ) T
bt :Scx  Bod + Body B
Author , reecived f 1 Xth . width  Alpha | Boto Gonma
i fron : ong (i ) j -
} ; (in u) nu i
| : :
" Ritzoma-Bos | Gorme L 5o 1z | : ! | )
e 0s | roany iy ¢ : 1430-173Q . 3T=47 : 12-17.5
87 i /’Ca€ (1540) . . (41) -
. e T 114801570 (41-50 | 14-16.5
- (1510) . (45) | 5
; : | . . i R ! - -
pli o : O C
Klfl;ggova | zgigﬁ izaf |9 1892-1680 28-37 544.9:56.z§ 6¢5-7.3 | 11.8-15.7
et nooi 2T oy (1825)  (30.7) © (a9.8) . (7.1) T T(14)
o grod qeglon & ¢ i1393_1690;20_25.7:54_78 i 6.1-9,3 b13.9217
| - (1476) [(28.7) | (63) - (7.3) 1 (15.4)
?;ggl?gzga | K:;?aﬂﬁlno G [ 1180-1924 130-43 34.8-55.4 | 6.728.6 & 1420
a0t Ay (1860) D (3a) : (42.5)° . (7.8) © (16.7)
: gROﬁkl 17 11190-1685 :20-30 .!44.8-74.2 | 6.2:8 14-18.6
jreston | (1405)  Has.s) ¢ (86) 1 (7.2) (16)

'Romark! Lverage sizos cited in parcnthoscs.

The basic bulk of mcasurcmonts wos aceomplishcd eon spcocimens from the August
generation., We found the largest femalc spoeimen (1924 w) in tho Soptember col-
lcction, ond the smallest (1130 micron) - among worms gathered in July from shoots
Prcliminary obscrvations give thc impression that the Junc and July generations
havo somowhat smaller dimcnsions comparcd vd th tho sugust pnd Soptomior onos;
this apparcntly can be cxplained by the difference in tomperaturc. Rogardless of
fluctuation in dimcndions, tho onion ncmatode is rclatively lar cr than the sten
ncnntode of pototocs. Besides, it is distinguishcd by o shapclicr body. In the
onion ncmotodc the proportion of body length to its width (alpha) is on the
average ovor 40 in femalcs and ovor 45 in molos (Tablc 2); in the stom nemotodc of
potatocs an avera ¢ alpha cquals 33 in females ~nd 42 in moles. The dimensicns. of
larvac of the fourth'age grown on onion arc twicc the sizc of larvac of the stém
ncnatodc of potatocs. In the onion nematodo, the sizc of c3gs,s too, is larger.
Having notcd the lar_c dimcnsion of thc onion varicty, as comparod with the di-
nensions of vorictics obtainod from ryc aAd hacinths; Ritzcma-Bos (1888) ate
toched no importance to thoso difforcnecs. (Begin P. 518) He bolicved also that
tho raccs from ryc, hyacinths and onions dic not vary ¢sscntially as to bursa
structurc. He did, howover, point cut thnt in malcs grown on onions the bursa
has somovhat smoller dimcnsions and that it is not as ncar to the tip of the tail
as in thosec grown on ryc and hyacinths, and that the bursa varics norkedly in
males obtaincd from difforent plonts: it can oxtond to” the very tip of the t2il,
complctely cneirele the tail, or rcach only its ccnter. We arc unablc to chcek

__ Ritzemn-Bos' data concurning bursa structurc in the stom nenatode of ryc and
‘hyacinths, but wo can rcport that, according to our obscrvations, in malces of the
onion nematode, the bursa in most cascs, docs not reach the tip of the tail by

27-42 micron, at o tail length of 75-90 micron; and cneircles the tail wholly or
comes closc to its ond only rarcly. ‘ '
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The nematode body is covércd by a thin, transluccnt, transverscly streakcd
and oxccedingly tight cuticlo. ALt the contur of the hoad ond is situstod tho
oral apérturc cncirclcd by 6 ncryed, ond hence little notod, lips with 6 lip=
nipples. Tho oral cavity is oquippcd with 2 small, strong speor expanding knob-
like at the basc; its sizc is 10=12, morc ofton 11 mieron.  The csophagus has
the appcarancce of narrow tube with o small oblong nuscular bulbus, bchind which
the nerve ring is situated. The postcrior part of the csopha;us is somcwhat

expanded and has trce csophageal glands, onc. of which opens at tho basc of the

spear and the other two within the bulbus.” The length of the csophagus varics
mostly within the limits of 180-220 micron. "Therc is a vory clcar domarcoation
lino between the csophagus and the intcstinc., In live worms, the hcad cnd of *
of the body stands out sharply with its franslucont contchts in tho arca of thg
csophagus, cxtcnding to whorc it borders on the intcstinc. The intcstine is
characterized by contents of large granules of grayish ycllow huc and, thercforc
stonds out well among thc other organs. It consists of a long and widc tubo=-
the contral intestine and small posterior intestine, cnding with thc anal outlot
on the ventral side ncar the postcrior cnd of the body; in fomalos, the latter
opcns out apart from thce scxual onc, but in males it is corbincd with the latter
and opcens into a common cloaca, The scxual organs arc upaircd and strctch along
the body in the form of long, straight tubes boginning ncar the anterior séction
of the intestinc. Thus, only thcir anterior scxual tube is well dovcloped.

In feomales, the rudiment of the posterior scxual tubc is reproscnted in tho

form of -a”postcrior utcrus poerforming the rolc of a scmen rescptaclc [scnc-
priomnik]. The vulva is pushcd far to the back and is at distancc cqualing 8}%
of thc total length from the head cnd of tho body. Spiculcs are paircd,
slightly curved and coxpandcd at the basc; before thoir narréwing down; they
form two identical node-like islcts sct toward the intcrior? Their longth
fluctuates botween 22 and 32, with an average of 27 microns. The ferrule
[Rulckj is roprcsonted by o short, §inmple, slightly curved rod, 11-12 micron in
length.  Preancl nipples are abscnt., The coliminating porc is locatecd in the
arca of the postorior scgment of the csophagus bechind the norve ring. (Begin

P. 520) Thus, thc onion nomatodc, possossing a scrics of orgonizational

featurcs common in thc stem nematode of potatocs, is distinguishcd from it by
sonc pcermanent norphological characteristicss: by body lcngth of about 1500
nmicron by dimonsion alpha which in foralcs cqual 40-50, and in malcs 45-63, -

. by the position of thc wvulva which cquals 81%, and by thc rlativcly short

bursa which, in most cascs, fails to oxtond to the tip of the tail by 22«23

microns. Thosc distinguishing marks togcthor with the ncmatodc's narrow
'spceialization in a definito subsistonec plant - thc ohion, qualify it as a

separate spoeics, Ditylenchus allii (Beijorinck, 1883).

]

Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0




Declassified and Approved For Release 2013/09/17 : CIA-RDP80RO1426RO1Q200010001-0
' | 9 Trons. g 526

A

[Page 518, bottom]
Table I.  Onion nematddc - Ditylenchud 2llii (Beijcfinck) and injurics causcd
by it. (Illus. by N. N. Xcndakov).

l. - Onion ncmotode. From luft to right: the head ond, tail of fcmalc, pos=-
terior ond of fomalc body and two éggs: II = initial stages of infostation of
sccd-onion bulbs by onion ncmotodc. Intcnscly white spots on first threc
bulbs indicatc placcs of nom~todc ponctratizsn and concentration in bulbs
mediunm age (midsurmer); in lost two bulbs ncmatodcs penctratod at point of

. . growth of projccting now rootlcts at a lator stage of. the plants' dovelop-
ncnt. Infested points of growth arc abnormally cnlarged and have an intensely
whitc color; III - Oblong splitting of gorden onion bulb hcavily infcstcd by
onion ncmatode; whon bulb dried up, worms moved to surfacc in the forn of
a crcam=colorcd incrustotion (indicatcd by arrows); IV - small piccc of crcom-
colorcd crust composcd of fomalos, malcs, and larvac of onion nematodc; V =
sprouts of sccd-onion (scoding of chornughka), (lcft) two healthy oncs and
(right) thosc infosted by onion ncmotode. Infcsted plant§ arc deformed
distended and, in most cascs, have no scod copsulc ot tip.
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[Page 519 contains illustrations of onions and_of orgonisms. ]
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DEVELOPMFNT ..ND MODE OF LIFE

Dcvclopnent. The onion ncmatodc hatches c¢zgs in leaf tissues as well
as in thc ncoty scalcs of bulbs, obviously, not in thc roct’system. Iorvac
and adults arc, however, likely to be found in root tissucs. Upon lcaving
the cgg, larvac differ from fHaturc spceicnens only by their dimensions ond
thc abscnec”of scoxual orgons. After a fow moltings, they crc transforncd
into adults, Following copulation, the fomales hateh cggs, and gencrations
follow continually one aftor ancthcr, so that thc worm can alwmys be found
in thc tissucs of 2-host in all stages of its deovclopment. Corrglation be-

-twroeen males and fonclcs cqual 1:1. Duration'of-tho dovelepmental cycle has

not yot been sufficicntly invostizated, but there is rcason to beliuve

that it lasts onc month, on the average, and is rctarded or accclerated in
rcletion to conditions; thc latter have not been sufficicntly clarificd, but
laboratory obscrvations indicatc that optimal temperaturc for the dcvelop-
ment of dhion-nematodes lics within the limits of 10-14° C, and cgg hatching
can occur cven at 9-10° C.

If an infcsted plant dics, thc'nematodes leave it, contcr the soil and
scarch cnorgetically for 2 ncw heost. 4 ncecssary condition for their ro-
noval and migration is humidity cleosc to 100%. If hunmidity is low, thoy rc=
main in thc tissucs and dry up togethcr with ther. In such a casc, their
body assumcs the form of o spiral wound scverdl times; with the coning of
bencficial moisturc, the body straightens out. 411 phascs can bo subjocted to
drying without endangering lifc. Thc duration of o stay in a bulb in a dricd-
up statc is very cxtensive. Goodcy (3933) succceded in roviving worms which
had spent two ycors in o dry bulb; in our cxporiments, all phascs survived
drying within sccd~chion for 15 rionths and rcsumcd activity in 2-3 hours
after boing transferred to water.  Nonothcless, an attempt to revive neratodos
which had spent 4 yecars and 8 months in a dry bulb cnddd in failurc. Ana=-
biosis in ncnatedos coan occur only if the air surrounding the disintcgrote
ing bulb or othor parts of thc infcsted plant is well ventilated. If, how-
over, the infostcd plant is subjoected to formentation and deeaying prior to
drying, thon the ncematodes will perish, for they cannot ondurc the injurious
action of dcecompescd tissuc products of the host plant. Such dccomposition
oceurs mostly during storage. If the dying~off of bulbs occurs in rclatively
dry storage, then the ncnatodes crawl out in masscs,ond accurmlatce on the
surfocc of bulbs forming a palc creamecolorcd, parous coating or little
lumps (tablc III) compescd wholly of worms in diffcrcent stages of dovelop=
rnont. The bodics of the worms.arc wound in spirals and’arc cntwincd with
cach other so tightly that thoy form closc little knots. The rcmoval of
ncnotodes was cbscrved also on the wall of 2 glass cylinder [Bcgln P. 521]
‘containing sick bulbs (tablc III, V), on paper in a hcrbariunm pastcboard box,
and on the surface of onion tops of horborium spceimens of sced onions; on
the surfacc tho loaves had not been injured, but as the nomatodcs worc
lcaving the bulb they formed a nodular coating on the lecaves. Finally,
many nodular farmations compsscd of noematodes werc notod on the surfacc
of an ontirc bulb of a mothor-onioh [lukamntkil] from which the jacket scalcs
[cheskui rubashki] had been rcmoved prceliminarilys ovidently, ncmotodes
arc capable of getting out not only through cracks, but also through un-
domaged tissucs of coverings wherc thoy arc not vory.tough. The ability of
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the onion nematodc to rcmain in o statec of anabiosis not only within tho dry
parts of o plant, but alsc without then, had remaincd unnoticod. The ro=-
noval of nonmto”cs orto thc surfasc of a plant, similar to the cno doscribed
by us, has becen not.d solely by S. Rostrup (1926) who had dbscrved the oxit
of last phasc larvac through the crack in a narcissus bulb: In lcaving, the
larvac also.formed a whitc or crcam=-colored porous conting; Rostrup transe
ferrod thesc larvac onto an onion and infcsted it.

The durction of nem~todc viability in the form of the doscribed coating,
conpescd ontircly of worms, is not known; it can be assumcd thot it lasts at
lcast™15 nonths, Sincc that timc period was the deadlinc in our coxperi-
nents. If infeosted dricd up bulbs arc shaken up during sorting, or under |
other circumstanccs, the ncmatodc coating can casily crumblec cnd spill onto
hcalthy bulbs which arc infestcd by the parasite when favorablc moisturce
conditions sct in, In the soil itsclf, thc worm, supply is not big; ana-
lyscs conductod at various times at dcpths from O to 60 cm have shown that |
in thc summcr time only singlc ‘worm spceimens are found in the soil, and enly .
in horizons above 20 em. Infostation of ficlds by tho onion ncmttodc may
bc cduc to planting slighly infestod bulbs, and also to thc introduction of
worms, in a stote of cnabiosis (in the form of the describod cocting), which
arc droppcd in the soil aceidentally together with healthy bulbs. Andther
sourcc of infeostation is the post-harvest wastc (dry scalos, tops cte.) has
beon renoved, the percentrge of infested plants and bulbs is censidcfably
lower than that on tecst lots where it has not been removed (table 3), It
nust be tokon into aceount that infestation may be duc to nematodes which
inhabit thc sdil itsclf, for thorc thoy can disponsc with food far an
cxtended tine.  In laboratory cxperinments, with humidity closc to 100% and
at a tenperature of 9-12° C, nonatoded werc without food, yet in a statc of
continuous rnotility for over 3 months. It can bo assumcd that in naturc
this timo=pcriod is cven lon.cr thanks to the cdsc with which ncmatodes
drop into o stato of anobiosis and revive apain. To illustrate this,fact,
wo shall citc the following cxpcriment. On October 23, 1939, about o th-u=
sand ncnatedes which priocr to that datc had been about 2 nonth in an ana-
biotic statc in a bulb, werc placcd in a drop of purc woter on a slide.

Two h-urs later, the worms were alrcady noving arcund cnorgetically and

somc of the fomalos were hatching c;gs; socn the water c¥aporated, the

worns coascd noving, and strctched out; on Oetober 25, i.c., tws days later,
a small amount of watcr was pourcd on thc slidc and all worns rcvived vwithin
1-2 hours, -with the larvac reviving beforc the adults. The cxperiment

was rcpeated on” October 29, November 15 and Deccrbor 9, and mass novenent

of larvac and adults took placc; in all instances only on Neovember 15 and
Deeember 9 a part of thom died off; the cxperiment was conductced in aroom
wherc the tomporaturc was 10-12° € and the humidity of 51%. [Begin P. 522,
parnl] ' '

Distribution of the onion nematodc is, undoubledly, tided also by sccd.
In the yoar 1888, Ritzcmo-Bos cstoblished that inféstation of dark-onion sced
can rcach 3%. According to an oral rcport of N. M. Svcshnikova, infestaticn
of onion sced in Kichanzino in 1938 vas a littlo morc thin 1%; according to our
obscrvations, in the samc placc in 1939, it was uAder 0.5%, and in 1940
the ncmotode was found in but one scod out of 2011. Infestation of the ovarics
is somowhat’greater; of 727 storilc flowors, the ncmatode was found in twe,
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-

onc in cach. The mombrancs of sccd pods werce infestcd-the mdst; thoy were
found to contain 15 nomatodcs out of 1369 analyscs (tablc 4).

The slight infostation of sced in the yeoar 1940 can be oxplaincd by thé
large nurmber of sunny days during the formoticn and ripening pcriod of scocd.
The nemotode avoids dircet sunrays; thoréforesurfacc parts arc less invaded
than bulbs cven in cascs of hcavy infestation. General infostation of sced
depcnds on mctoorological chnditions and its rato will bo highcst in ycors
with rainy and cold summers. ' |

-

. Capacity for active notility. It is claimcd that the stom nemntode
has considorablo capacity far active motility. Slogtoron (1923) cstablished
cxperimentally that the stem nematodc of hyacinths coan crfowl upward through
a 90 cn layor of sand and infost hyAcinths plantcd in it. I have conducted
repeatedly the fellowing cxperiment. I placced a heavily infostcd bulb on
the botton of a glass éylinder and covercd the cylinder with a fittcd stopper
[pritertaia plastinkal. 1Insidc the eylinder soon developcd cxecss moisture
from the cvaporated 1liduid of the bulb, and tho ncmatodes reactced to it by
gradually croawling out. Scon they moved in masscs onto the bottom and the
valls of the cylindor. Within“a fow hours, part of the nomatodes were
rcaching the top quitc rapidly. Thus, in o cylindoer 40 cm -in height md at
an air tcnpceraturc of 10-12° C, thce ncnmatodes climbed 17 em in the . firstitwo
hours and in-a-few.morc hcurs they had rcached the rim; [Begin p. 523] their
' density on thc walls which was at its thickcst at the basc kept doercosing
as thoy werc approaching the top; this’vms duc to the fact that now batches
of worns kopt crawling out of the bulb., It is intcreosting that cven in cover-
cast autunn days thc nomatodes crawled oxclusively on the side cxposcd to
light, forming cn the glass o uniquu pattorn of many thousands of worns
(table III,‘V). On the side of thc cylinder not cxposcd to light, worns
wero abscnt. If the eylinder was turncd, the ncmatodes immcdiatcly crawlcd
over to the wall cxposcd to light, and during an cxpcrimcht, they did
this mony tines ovor on ovorcast as well as on sunny days. Nonctheless,
nenatodes renct negatively to the action of dircet sunrdys and they crawl
rapidly to thc sidc »f the cylindcr not oxpescd to them.

i

The nemotode is capoble of moving fairly rapidly in soil as well; this
was confirmcd by our obscrvatisns in cne of the grocenhouscs at Petrodvorcts:.
infcsted bulbs worc placed in cmpty flowver pots that werc sct under 2 rock
on which cxporimontal young crop of the dark dnion was laid »~ut; ncither
the soil nor the onion sced had becon infostcd. &ftor 2«3 nionths it was

- proved “that the nomatodes had erawled into the rack and infested the onion
plants. Thus, thcy had crawled no less than 50 enm and, indidentally, thoy
did this during two doys of héavy, inccssant rains,whon air moisturo in the
grocn housc was closce to 100%.

Conditions of tcmpcraturc. The action of temperaturc on ncnatodc ac-
tivity has becn stucdicd but littlc. On thc basis of some of our obscrvos
tions and cxpcrimonts and also on information available in litcraturc, it can

. bc assumcd that rclatively low temporaturcs arc the most favorable for it. !
Thus, thc groatest motile activity of tho worms was obscrved at 9-12° C;
thesc obscrvaticns arc, howcver, incompletc and approximote. 4t o tome
pcraturc of 9-12° C, the ncmotodes not only climb upward on the cylinder
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walls, bit thcy dispensc with food for quite a long time without losing
notility. In contrast, thc sbscrvations at Kichanzino showed that at 30°

the worns moved considerably slower: aftor liaving the bulb, it took thom

2 hours to clirb no morc than 2-5 em con the eylinder walls, and they nc¥or
recachcd the teop, although the height of the cylinder measurcd but 15 em.
Thero is also the possibility that, in addition tc high tompcrature, adversc
action was oxortod on tho ncmatodes by cxtromoly bright summor light. 4t

a 30° tcmporaturo, tho worms remaincd visable within tho cylinder no mofe
than 2-5 days, perishing as a rosult of tissuc fcrmentaticn in the bulb.

The fact that modcrate temperaturos arc morc favorable for the onion nematode
has béon confirnmcd by artificial infestation of bulbs under laboratéry condi=-
tions. The most typical picturc of discasc is obtaincd at 10-12° C. In tho
ficld, thc proccss of decomposition of infosted bulbs procceds morc typically
nt 9-14° (monifestation of whitoncss and porosity of tissucs of intornal
scalocs)e In instoncos of high tompcraturecs, the bulbs dccomposo oxiromely
quickly, but mainly as a rcsult of rapidly=-procccding fermontation within them.

-

Low temperatures delay decomposition of bulbs, but discasc shows gra=-

dual progress even at 1-3° C, although it devclops at an obviously slower °
tempo. Nomatode motility at 1-3° is slow, but it docs not stop complectely.
Nemotodos from threc bulbs in the cylinder at a tomperaturc of 1-3°, crowled
out and out and concentratcd on a wall in nocdular which roscmbeld veory nuech
thce pale crecom=colorced éoating that forms in onion storage rooms when

. infosted bulbs grow dry. The ncmatodes rcemained in this state about a
nmonth, but just as soon as the tcmperaturc had’riscn to 7-8°, thoy soparated
and crawled all over the wall oxposcd to light. [Bogin P. 525] Thus, the
nerptode casily survives a drop in temperaturce to 1°, rctaining some, if
cver so limitcd, motilc éapacity. Normal motility, however, rcquircs ten-
peraturos not under 7-8°. Whother or not temperaturcs below 0° are dotri-
nontal and, if so, to what &xtent, is difficult to says no oxperiments were
conducted in this dircction.

We did, howcver, have a heovily infcsted bulb that had been in pit ¢
storaye [burty] under thc sncw in Leningrad all wintcf long; cfforts to
rovive ncmotodes taken from this bulb cnded in fallure. From the looks of
the bulb it could be concluded thnt it was frozen and that the ncmatodes -
apparcntly, had porishcd with it; nearby, hcalthy bulbs had not beeon damnjed.
In contrast to this obscrvation, agronomist M. V. Krylova of the iLrzoamds
base (oral rcport) asscrts that nomatcdes had .survived the very scvere
winter of 1939-1940 in infcstod bulbs abové ground at the cxperimental basc,
as wcll as underground a depth of 10=-50 cm. Unfortunatcly, in Krylova's
experiments tho degredé of ncmatode motility after ovcrwintoring was not
sufficicntly verificd. Thus, thc nogative influencc of temperaturcs below 0°
on ncnatode viability romains an ~pen question, but it is clcar that their
ability to survive a sharp risc or drcp in temperaturc depends to a ecn-
siderablo cxtont on the moisturc in their immodiate cnvironment. Whilc in a
statc of anabiosis, tho worms, naturally, arc morc resistant to sharp
fluctuations of tomperaturc thon during normal activity. . Concomitantly with
the abovo, the surprising adaptability of ncmatodcs to drying propts the
hypothesis that they are no los resistant to the action of low temperatures,

and that this circumstance may bc conncetcd with a definitc phasc in their
cycle.
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The problen of tcmperaturc influcnce on the dovelopment and wviability |
of the onion nematode calls for experimental investigation; its solution has
a direct bearing on the development of control measures, particularly on the’
exteblishment of an appropriate regime of temperature in onion storage rooms.

-

INFLUENCE OF ONION NEMATODE ON PLANT ORGANISM.

With reference to the older works clarifying more fully the influence
of the onion nematode on the organism of the host-plant, recognition is due
the work of Ritzema-Bos (1888) who offers a fairly good description of the
disease in véry young sprouts of the seed-onion and in older plants of the
garden onion. In recent works, this question is accorded the greatest atten-
tion in the investigations of Chitwood and Newhall (1940) end in en article
by the same authors written in colleboration with Clement (Chitwood, Newhall
a. Clement, 1940). _ :

We have succeeded in obtaining more complete data concerning the nema-
tode disease of onions under field conditions as well as under storage con="
dition and, therefore, find it necessary to dwell on them in greater detail.
Qur observations and expcriments were conducted under natural conditlons
in the years 1939=-1940 on young crop &t the Arzamas base of the Gorki Re-
gional Experimental Station for Field Husbandry in the villa e of Kichanzino.
In addition to these, experiments were conducted in greenhouses and on the
experimental field at the Leningrad Station for Plant Protection in Petro-
drorets. Besides these, some of the experiments were carried out in the
laboratory for Lowér Worms of the Zoological Institute, Academy of Sciences,
USSR, at Leningrad. These observations show that the disease menifests
itself variously, depending on the developmental phase of the plant and the
place whore the nematodes penctrate its tissues, and, at the same time,
hes & serics of goneral characteristics. [Begin P. 526]

-

Discase of secd-onion, Nematodes can penctrate onion seed (onion-
chernushke) &t the earliest phase of their gormination, as a result of
which part of the sprouts do not cven appear on the surface, &s was de-
monstrated by Ritzema-Bos (1888) and Laidlow and Price (1910). The very
sparsc plants that do appoar are sharply distinguishcd by their dwarfish
growth and abnormally distended, frequontly twisted shoots (table 1, V).

In hoalthy plants, the cotyledons always bear an empty sced capsulc at the
cnd; sick cotyledons, however, throw it off considerably earlicr, and,
thorefore, it is often absent in the sprouting first leaves. Shoots of
infested plants have at various places irregular swellings, more ofton at
the base, but sometimes also somewhat higher; in the latter casc the young
plants soon cease pgrowing altojether. The swollen part of the shoot be ins
to dry at both cnds and gradudlly beecomes diséonnected from the root, but
retains its irecen color and continues to live. A large amount of worms
develops within it hastening thc proccss of its decomposition. In some
cases sick plants continuc té develop, but fall behind control sprouts and
perish within onc-two months. Plants infosted but slightly live a little
longer, but the symptoms of diseasc are similars retarded growth, thickening
and malformation of shoots, shortening and thickening of internodcs (table II,
I). Those infested at a later date, for instance, during the formation of
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bulbs, vary but littlc from hcalthly plants at the boginning of thc disecasc;
if, howcver, such a plant were pulled from thc ground, thon an intdnsely white
spot indicating the localc of nematodes would be found on the bulb. Tho
worms infiltratec 2 bulb mostly at the bottom, honcc this spot is usually
near the bottom, bordcring on it with onc of its edges. However, in viow of
the softness of bulb tissucs in young plants, ncmatodes can pchetraté them
anywhcere and the whito spot can be obscrved at differont places (fig.l).

Tho dimonsions of tho spot umistakably, indicatc the do;rcc of infestation
since they arc dotermined by the amount of nomatodes that have infiltrated
tho bulbs or have dovcloped within them. Somctimes infestation occurs via
the lcaves, through thc stomata of which the ncmatodés make their way to

the intcrnal laycrs and then migrate wi thin the bulb. Damaging the decper
ag§ well as tho uppoer scalcs of a bulb, the worms populato it evenly, [Bcgin
P. 527] as a rcs:lt of which tho wholc bulb assumcs an intenscly white
color. Tho nomatodcs destroy éhicfly intcrccllular tissuc substances, but
they ofton damago the cells;as well; the lattor become soparated from coch
other and acquirc thce form of a pdrous, brilliantly sugar-whitc mass, as-
suming lator on o light brown hue. Moroc or less deep cracks form during
this period or carlicr, particularly if infeostation is unoven, and break
tht jackct scalcs énd the open succulent little scales longthwisc frem the
bottom to the ncck. Very ofton, conc-shapcd closcd bulb scales, projcect
thoemseclves out in the forms of a decp cleft and, together with the buds
which they protecet, they form a likcness of nodes on the Lulb surfacc.
Somotimes thesc protruding scales split in turn longitudinally, acquiring &

. rescmblance to tho tuft from small scparato scales of lecaflcts, (tablc II).

Such a picturc is usually obscrved ifi cases of concurrent infestation of
bulbs by ncmatodes and the onion fly. Though they continuc to stand upe
right, thc sick plants arc gradually swoemped by countloss nomatodes which
cvontually dostroy their tissucs, and in 1-3 months the plants perish,

The tissues buricd in soil dccomposc and disintegratc intd a powder; tho
surface parts (loaves) dry up rapidly in the sun and wind. Tho nematode is
found in large numbers in dried up leaves. If infcstation occurs at the very
end of the vogetative period, then the picturc obtained is someshat differcnt

and the cdurse of the discasc is typical of that characteristic for the gare
den onion. : ‘ '
Fig. 1. Sprouts of dark onion injurcd by onioh ncmatode. Two upper boxcs -

Kabo varicty, lower - Arzamas varicty. The two boxcs onithoe
loft were infosted infested artificially with thc oniof nometodc
at scoding, thc two on the right = uninfcsted controls. All in-
fosted plants pcrishcd at on ogrly ago: first the “less rosistant
Arzamcs varicty, and thon - Kaba varicty. (Illus. by T. A.
Gavrilove from photos). '

The rate at which nematodes penetrdte young onion dprouts is very high,
they can accomplished it in a few hours. Thus, by introducing nematodes
into the soil containing onion sprouts in experimental conteiners, & con-
siderably number of worms ca&n be found in the plants after 24 hours..
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{

Infestation by the onion nematode affects the nutritive properties of
onions. Upon instruction of farm leaders [kolkhozniki], infested bulbs are
used almost exclusively for cattle feed and in the preparation of "lukovniki"
(2 local dish consisting of fihely-minced onions with a small admixture of
flour baked in a Russian oven). Infested onions are nét fit far other types
of food; they impart to cooked food an unpleasant odor.

A comparison of the nutritive properties of plants infested by the onion
nemetode and of healthy plants used in food in the form of green onions has
shown that the sugar and nitrogen content in healthy plants is somewhat
higher than that in infested plants. The results of a chemical analysis of
the nutritive properties of infested and healthy plants of the secd onion,
harvested in 1939 at the experimental base in the village of Kichanzino,
arc cited bcelow. Figures represent percentage of substance contont:

Invertv : Saccha- Mois=

sugar Sacharosec ‘Nitrogen Cellulose rosity ture
Onion infestéd -~ ) o i i ) )
by nematode.... 1.78 7.42 0.49 0.89 9.3 84.4
Onion not in="" -~ - - - ) -

£E8tedeenacnes 12T 10.39 0.52 0.73 11.66 - 82.41

These analysces were conducted by the Agrochemical Labordtory of the Gorki
Regional Experimental Station for Field Husbandry. [Begin P. 528]

Discasc of garden onion. Nematodes have two ways of penatrating plants
of thc gardcn onioh as wcll as those of the secd onion: throuzh the bulb and
through the leaves. Depending on metéorological conditions, onc way of nomoe
todc penctration may hace its advantages over the other. In timés of short
but hcavy rains followed by bright sunny wcathor, nometodes generslly ponec-
tratc the bulb noar the bottom at the points of growth of sprouting rootlets.
In this case, the first symptom of infostation is a markecd swelling of the
points of growth which cnlarge to such an oxtont that they arc 2-3 times tho
sizc of the ncighboring healthy oncs, and assume an intcnscly white color.
The discasc spreads gradually to the ncarby points of growth of rootlot
cmbryos, "which in turn becomo cnlarged and acquirc a brilliantly white
coloring. Botwecn thcsc and the bottom cnd there soon appears 2 small
crcoscent-shapcd ¢lcft which inercasdcs in sizc as thce disease sproads and is
likoly to take on o circular shapc. The jacket scalcs on the infested arca
glidc upward and arc easily blown awoy when the bulb is pulled from the
ground. The upper, succulent scales (1,2,3 and above, dcpending on phasc of
discasc) also glidc boclow tho circular or crcsccnteshaped cleft, mdving cver

- farthor form thc rupturcd area and exposing the intcrnal succulcnt scalcs

(table II, II). Tho longitudinal splitting of bulbs form the bottom to the
nick, including jacket scales and mcaty Scales as well, is widespread and
caslly dotceted when crops arc inspcctod. Longitudinal cracks often con-
tinuc at thc bottom and split that, also (tablc II, II and III); in such a
case, thc circular cleft may bc absent. A break in the upper scalc§ fa-
cilitatos the projcction of a considerable part of the lowor scales.

-
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During long, drizzly and oftcn cold rains, ncmatodcs crawl from the
soil onto the surfacc, climb cicrgetically onto the plant, and ponctrate
the leaves through the stomata. In such cascs, the initizl phasc of tho
discasc procceds morc latently, bocausc the worms have attackod the ine

. ternal tissucs of leaves and Lulb scalos. The discasc cah be discovered

only at a later datc, whon the bulbs arc heavily infosted.
, .

Lecavcs of infosted plants become very brittle and tough; they crack
and ecrumble from a touch; théir coloring losés its cvenncss duc to deformo-
tion of lamina, and sogments of whitc tissuc. With ckpericnec it is fairly
casy to dctect infosted plants By their oxternal look. Invasién of plant
parts by ncmatodes is irrcgular. - A favoritc placdé for the concentration of
worms is thc bulb, 'next the loavos and stem shoot. Thoy roots but slightly
and sced cven less. For the purposc of illustrating the dcgroc of worm
infostation of the leaves and root systom of the garden onion, whosc bulbs
woerc vory hoavily infcosted by nematodes, the rcsults of analyses conductcd
at Kichanzino in 1940 arc cited on tablc 5.

- =

Table II. Injurics causcd by onidn nemitodc - Ditylenchus allii (Beijorinck).
- (Illus. by N. N. Kondakov)

I - From loft, hcalthy plants, and from right, infcsted plants of sced onion
(young crop of chernushkn) at an carly age; II - infcsted bulbs of gerden
onion: loft - initial phasc of infostation; cnlarged, intensoly whitc points
of growth of rootlct cmbryos and of adjacent bulb tissucs; arc visible;

ot conter - formation of cleft botween bottom and bulb scalcs, with thcir
subscquent gradual splitting longitudinally and sliding upward; from right -
samc, at latcr phaso of discasc; III - cracking of bottom of garden -onion
bulb heavily infested by onion nematode; IV - cxternal appearance of sccd
onion plants infostcd concurrontly by onion nomatodc and onion fly. As a
result of longitudinal splitting of bulbs, part of covered conc~shapcd, scales
havo projccted thomsclves outwards in thé form of leavos; V - form of tip of
tail in pca population of onion nematode.

Table IT

[Pago 529 contains illustrctions doscribod‘abovo.]
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: Tablec 5.

Dogrec of worm-infestation of different parts of garden onion as por obscr=
vations at Kichanzino in 1940. '

! : g :
Date of ' Total plants | i Thosc infested by nematodes
analysis analyzcd 1 . E
‘ Bulbs! ! Leaves ! Roots
™ TNomoer | % . Number | % } Rumbor| %
| ‘g : i %
- ; s : : {- e
2 i v i i !
Aug. 31 56 ! 56 100 ¢ Analysis not i 13 §23.2
- | available !
- ) . ‘ - ‘ ; -
Aug. 5 52 52 100 | 27 71.1 b17  i32.6

i
I , .

Table 5 shows that cven in cxtromcly hecvily infested plants, the por-
ccntage of worm~infostation of rootlots is scveral times less thon that in
bulbs and lcaves. Furthecrmore, thc number of ~rorms in tho rott systcm usually
docs not cxcccd 10-20 &pceimens, ycot inside of bulbs and lcaves' thow number
many tens of thousands.

Discasc in bulbs undcr storagc conditions. Bulbs slightly infcsted
by nocmotodes usually acquirc & complctcly healthy look aftor thoy have been
dricd in the sun, and thoy coan casily be mistokon for healthy oncs and storcd
togethor with thosc actually ‘honlthy. Infcstation, howcver, bocomes cvidont
in 1-3 months, dcpending on the numbor of nomoatodes within the plants at
the timc thoy were storcd and on humidity and temperaturc in tho storage
room. Jecket scales darken gradually whorc ncmetodc concentration is the.
groatest, and they form a line of demercation between themsclves and hecalthy

tissuc scgments; becausc of this, the scalcs on sick arcas appoar to be wot

and have an irregulaer cacto coloring; somctimos ycllow-whitc or muddy=-grey
spots of irrcgular ccntours and diffcrent sizes appear on thesce arcas.

The bulbs grow cver softor as thoy deedmposc, yot their jacket sezles be-
come brittlc and arc oasily blown away. On a transversc créck of a bulb,
the intornol mooty scales in sick arcas arc composcd of very brittle, white,
or croamecolorcd disintegrating tissucs (table I1I, IV) which under tho

' nicroscope arc found to consist of a greot number of warms and an admixturc

D

of plant cclls.

When thoe discasc has spread”over a large pert of thoe bulb, small clefts”
scrving therncmatodes as an cxit. In somc cascs appcar on its outer surfacc.
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-

Tablc III. Concentration of the onion nematodc - Ditylonchus allii (Boijo-
rinck) in plants and on various objccts. (Illus. by N. N. Kon-
dakov) ' '

I. II, II1 - formation of a creoam~colorcd coating consisting of ncmatodcs in
herbarium specimens of pnion plants; I - accummlation of nemotodes on the
surface of loaves and noar the bottom of the bulb, 2 - on surfacc of trans-
verse cut of bulb, 3 - on herbarium paper; IV - transversc cut of a garden
onion bulb hcavily infostcd by the onion nematode; darkened scctions of
sealos with jogged, uneven margins - arcas most heavily infosted by worms;
V - worms in motion on wall of glass cylinder cxposed tec light, forming on
glass & uniquc pattern; at bottom of cylindor - bulb heoavily infested by
stom ncomatodes which they have abandoned; VI - longitudinal cut through port
of stem, root ncck and root of a tomato infested by onion nocmatode; maximun
concentration of worms is obscrved in pith which acquires a brown coloring
and becomes badly disintegrated; VII - bulb of gorden onion hoavily infested
by onion nematode under storage conditicns. " In arcas of worst infostation,
jacket scalcs have an irrcgular coloring and appecar to be wet.

\

Table EIX.

[Poge 531 contains illustrations doseribed abovo.
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A dcop longitudinal split of the cntirc bulb [Bogin P. 532] is obscrved.
It rcvoals the intcernal meaty scales, part of which are likcly to be covered
with 2 nematode coating, as the worms move to the surfacc. Cenditions fo-
vering nomatodc rcmoval to the surfacc have net yet beon sufficiontly in-
vostigated; therofcrc, it is hard to oxplain why in some cascs it has a mass
charactcer and forms a fairly thiék coating consisting of ncmatodes; yot, in
others it is not obscrved at all. Obscrvations nct sufficicntly verified
crcate the impression that the intensivo removal of nematodcs is duc to
temporaturce and, possibly, to moisturc. Apporcntly, a very impeortont role
is porformed also by a good préliminory drying of thc bulbs in the sun
before they are put,in storage. In the latter casc, as obscrved on a smell
anount of matcrial, thc nomatodes hardly cver come out on the surfacc of the
bulbs, cspocially when clefts arc absent.

If dccomposition of bulbs occurs when moisturc is low, thon”thcy dry
up and in thc c¢nd there is nothing left of them but the covering. Outwerdly
this destruction may romain unnoticced and may be discovored only by touch.:
The length of time requircd for thc complctc destruction of bulbs cduals,
cn the average, the devclopmen al cycle of 2«3 nemrtode generaticns. At
o 10-12° € temperaturc and air humidity of 50-6(0% it takes about 2-3 months.
It humidity is high and tiempcroturce above 15° C, invasion may be conpli=-
cated by a rapidly devcloping fermantaticn in“bulbs, the action of which is
as destructive to ncmotodes as it is to bulbs. In such cascs ‘decompoistion

' of bulbs procceds even'more rapidly, ofton forming a weot rot accompanicd by
a very unpleasant odor.

Destruction of bulbs infested by ncmetodes con be hastened also by a
sccondary infcction causcd by rcproscntatives of fungus or bacterial floro; the
2etivity of the latter causcs mess killing and destructien of worns, and the
cnd result proscnts so atypicéalia picture of bulb destruction thet some-
times its initial cause is difficult to determine. Decomposition of bulbs
infested by nematodes is accelerated also by the presénce of plant parasitic
mites which greatly change the Eicture of the disease. The mite Rhizogly-
phus echinopus Fumouie et Robin'not only injures the bulb, but eats the nema-
todes in its tissues. In the year 1940, the author [of present article]
observed repeatedly how this mite destroyed almost completely & coating on
the Surface of a bulb that consisted of many thousands of nematode speci-
mens. One could sce under the microscope scraps of worm bodies with mites
of different ages moving among them and among their eggs.

- e =

1
Mites identificd by V. V. Rcdikortscv.
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FOOD SPECIALIZATION

The onion nemetodc belongs to the list of organisms closely adaptcd to
feceding on cortain plant spccics. As Goodey (1933) pointcd out, it’can trans=
fer from the onion to”a series of other spodics of thé geonus Allium. Thus,
it injurds gaerlic - A. sativim L., leck = A! porrum L., chives = A, schoeno-
prasum L., Shallot onion = A. ascalonicum L. and the wild onion - A. vincalc L.

- As por our obscrvdtions, it injurcs in thc USSR the following varictics
of thc garden .onion (A. copa L.)# tho Arzamas, Bgssonov, Kabg, Tsitaus,
Pogar, Strigunov and thc Mstersk. [Bogin p. 533] According to our cxperi-
ments, it injures a2lso tomato and pea plants. '

Susccptible tomato varictics (Solanum lycopersicum L.): To invostiga-
the possibilitics of the onion nomatodois—tremnsfor fromomions to tomatoes,
wo tested three varictics: Chudo-rynka, "P'crctta and Sparks-Erliana, The
first two werc grown in a groonhousc and on the tcst lot at Pctrodvorects, on
tho oxperimental farm of the Leningred Ropional Exporimental Station for
Plant Protection: Plants worc infosted artificially with nematodes whilo
still vory young. Sparks-Erliana and in part Chudo-rynka wore tosted in ox-
perimcnts conducted on young crop at the Arzamas basc of thc Gorki Regional
Expcrimental Station for Ficld Husbandry undcr conditions of soil naturally
and hcavily infcétcd by the onion noma o . The exporimontal results arc

-eited on table 5. The highest rate”of infostation was obscrved in Sparks-

BErliafa (38.6%) and in P'crotta (12.6-3%); thc lcast. infostcd was Chudo-
Rynka. '

We arc not inclined to consider this incquity in infcstation as an indi-
cator of wvarying rcsistancce in thc varicties tcsted, bocausc the conditions
of natural infostation at Kichanzino can hardly bc comparcd with thc arti-
ficial conditions at Pctrodvorcts. Furthcrmorc, obscrvations of the
P'erotta varicty have shown that plants of “thce same varicty may be susccp-
tible to ncmatode infostation in diffcrent degrecs, depending on the age of
the sprouts. The P'orctta varicty beeame infosted in diffcrent phascs of
devcelopment: part of the plants wore infestcd at the formative stasc of 3-4
leaves, the other part - at thc stagc of 12-14 lcaves. -Older sprouts worc
infosted soon after the scedlings werc transferred from & box to o groenhousc
rack; youngor sprouts wcrc grown diréctly on the rack and werc not trans-
planted beforc nomatode introduction. Infostation wos accomplished on Kay 31,
1939, wo'weeks lateor, on Junc 16, part of thc plants was transplanted in
the open, and part wes lcft on the samc racks. Infestation was not repoated
in opcn ground. At the cnd of the vegetative period, it was cstablished that
tomatocs of the P'erctta varicty inoculated in the phasc of 12-14 leaflcots werc
morc worm-infested than thosc inoculated in the phasc of 3-4 lcaflcts. Of
the first group of plants grown in tho grecenhouse, 19 worc analyzed and 11 of
these were foldnd to be infeosted, and in open ground, 8 plants out of 22
were infosted. At the samo time, of 92 plants grown in the groonhouic and ino=-
culatcd in the phasc of 3-4 loafleots, nomatodcs werc found in only 3. It
is possiblc that the weokened condition &f tho plants caused by transplan-
tation was morc condusive to infcostation. -
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In infostcd plants, the nemotodes were usually found in thc axial part
of thc conter root, in the heck of thc root, and in the part of thc stom
adjacent to it (fig. 4, VI). In infestcd scgmonts, the vorms word rcpres
sontod by a colossal number of cggs, larvac, and adult spceimens. Tho
tissuc$ worc porous, hod ccquired a brown color,andwerce destroycd in some
places. Outwardly thc infestoed plants differcd but.1little from hoalthy oncs,
only in some cascs, longitudinal cracks of the main”stem in the arca where
sidc shoots branch out worc notcd on*Sparks-Erliona. Infested plants op=
poarcd moro brittle and broke casily. 1In the upper part of the stom, nema-
todes .usually worc abscent and potidles of lecaves wero not infested; goll
formations on stems were not found. It must bo noted that, according to the
work of ¥illiams (1936), thc only sourcc of informaticn on tomato injury
causcd by the stcm nometodc, the parasite is responsible for a pceuliar,
spongy gdll formation on plant stom and ‘pctiolos at basc of lamina. Porhaps
[Begin P. 53471 this casc should bBc trecatcd as parasitism of somc othor

spocics of the stem nematode, distinet from the onion ncematodc by virtuc of
the choractor of its injurics.

»
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' The peo (Pisum sativum L.) as o subsistancc plant of thc onion nematodo.

In the course of tho work ot Kichanzino, in 1939, our attention was called to
the relatively hoavy infestotion of peas by the onion nomatodc (Uladovskii
M III varicty). Of 16 plants onalyzed, ncmatodes were found in largc numbers
in 11 ploants. Tho plonts on tcst lots lookod bad boeausc thoy had rust and
dark spots on thc lcaves indidating infection causcd by the nematodoc and
fungus discascs concomitantly. 4 similar condition was notcd on the 1940°
crop, when the nematode was found in 34 plants out of"73 analyzced (46.3%);
In thosc cascs worms worc found in vory large numbors.
Transfor of onion nometcde to othor subsistance plants. To oxplain
the contingent of subsistcnec plagts of the onion nematode, {Begin P. 536]
analyses were made of more than 4 {4thousand plants (besides the gardon onion)
which belonged to over 40 variceties and speciecs (tables 7 and 8)e In ré- -
lation to the ncmatode, these plants can be broken down in thrcec groups.
The first group includecs cnions, tomatocs and, probably, peas in the tissues
of which the ncmotode can multiply. In the second group should be included
crops whiéh attroct the nematode, but in the tissucs of which it cannot
propagoto. Tho third and final group includes plants on which the nema‘ode
cannot multiply and which, in gcneral, deo not attract worms.
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Tablcb6é.

onion ncmatode infestation
Rosults cf cnalysis of differont tomato vorictios at chhanz1no and at
Potrodvorots in 1939-~1940

i

o ; , thbcr of plants analyzed
| | &
Name of Placoc of = | Year | [In grocnhouscs | T OpeH Eround
varicty .| eanalysis ! u ——r
| ‘ K B P R
| A gl E B g8 |2
! S RL8I68AES 2o |08 3
e - oo ol o = QO
! e (B W 3 O o Q O+
S g |d ojo o :%243 o B g 2 eh
e It © |~ P o A QG O (VRO
i Et- S 1A gk A gL o
- - : + -
Sparks-Erliana {Kichkanzino 11940 145 {-= o= |--- 5¢ 89 38.6
Chudo=Rynka. .. ‘ " 1939 | 4 |-~ -~ - 1 3 25
- i 5
Plorotta: g .
a) infosted i :
’ plantsii:|Petrodvorcts | 1939 29 j== j-= | == {10 19 34
' b) controls... 1 {1939 2] twme o= | == - 21 _—
Plcretto: E
a) infested™ ™" . ; -
plantsi i} " 1.1939 111 {14 97 12.6 | -~ - e
b) controls... " £ 1939 94 |== |94 | -- - - -
Chudo-Rynkas !
a) infosted™ "~ ‘ ! -
plants.is " ;1939 351 2 |43 5.8 | —= - -
b) contrelsce. i " - 11939 50 |-~ {50 | -- — -- -
: . i
. Chudo=-Rynknos ! ' I
a) infestcd” "~ : § ' i
plantsiis " 11939 61 |-= o= {-=- 1 341 56 L 5.2
b) controls... " 11939 43 ~m  e= .= 1 42 ==
' ' ' 3 %
Total S R R S v

Nematode found®in onc control plant growing ncar the demarcation line of
those infested,

.
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: Table 7,
. Results of analysis of to onion nomatodc infestation of cultivatcd plants and

weod grown on noturclly hoavily infested’soil in the village of Kichanzino,

District.
| iTotal. 4 with] withe.
Nos. ~ plants ! noma~ out
consce. Name of plants ' fanalyzod? todc | - nono-
ordor | . PlaﬁtstOdo
Cerecals (Gramincac) i 5
. ~ i .
L Oats, Zolotoi Dozhd! varicty (Avena % 126 -- | 126
 sativa L) - ; _
8 Ryc (uncertificd sced) (Sccale corcalc L.) i 15 -- 15
3 | Winter wheoat unécrtificd seed) (Triticum” ; ! L
TULEATC HOSte)eeneaeaeenennennsonns Ceeas § 9 Lo-- -9
4 Spring wheat (unécrtificd saod) (Triticum ! g ' L
: Tulgare Hoste)eviennrainannns Ceeeann “en b119 [ -- 119
5 Millct (uncortificd scod) (Panicum " : ; 1
‘ miliccoum Luo)eeveeanonns N TLies i 186 {o== 1 186"
6 . Barnyard millet (Panicum crusgalli L.)... i 6 Pl .5
‘ ;
' , - Mustard family (Cruciferea) ,
7 Cabbagc, Ranniaia No. 1 varicty (Bragsiea™ | ”
cloracea var. capitatf)eceeceeeass R I 105 17! 104
8 Turnip, Ostérzundcmékii varicty (Brissisa- : \
PAPE Ly ) e vnensnennnsanaseniesnrensacnee - 132 16 116
9 Turfiip (uhcortificd sced) (Brassica rape § |
L.) . 43 19 | 24
10 Rodish, Pink with whité tip veriety =~ ~°° i P
(Raph“nus sativus var. radicola Pors.)... 110 1 ¢ 109
11 | Musterd (unccrtified sccd)((Sinapus junééa L) : 26 7, 19
12 Herse radish (Nasturtium scmoracia Fri).e... : 2 - 2
13 Shcephérd's pursc (Capscllg burso pastoris i P :
Mhch. ) | g 6 P 6
' | %
Potato famlly (Solanaccho). i ! .
' i
i : i
14 Tomato, Spﬁrks-ErIi‘ﬁd'vifiéty {Solanam” " | | !
. ' 1ycopersicum Le)eeceescesscoarannnens R ' 145 i 568 | 89
15 Tomato, Chudo-Rynka varicty (Solanum lycoper- | f i
sicum L3 i CT ; 4 , 1 3
- 16 Makhorea (Nicotiana tabzcum L. )e.... Ceveen 70102 =t 02
17 Potato, Epicurc variédy (Solanum_tuborosum L ) 114 , 3 . 11l
18 Pﬁtato, Sciancts 423 and" 3398 varicty g : §
(Solanum HUbCTOSUM La)eeeeeereenererannaenns 405 ' 1 4
19 Eggplant (uncertificd scod) (Solapum mclon- : §
. 1 gena L) , | 121 3 ’ 118
: !
: !

! . . :
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. l Tablc?7 Continuc }
" | Total {with |without
Nos.~” n plants |ncma~|ncmatede
conscce. : Name of plants cnailyzeddtode
‘ order 3
Plants
‘ Lecgunihous plants (Leguminosac)
20 Llfalfe, Grifm Z4aikeviéh varioty (Mcdieazd )
| 10di0 POrS.)eceeeaeses ceseliIIIVIONIIN 84 5 79
\ 21 Whitc clover (Trlfolium SPe)esecansenacans 71 - 719
‘ .

Grain.croeops were found to have a paritecular varicty of the onion nematodo
| 2 charuqtcrlzod by small dimonsicns (less than 1 ) « )
| On capbage, alfalfa and carrots, werms were found chiefly in early July,
| immediately after hoavy rains which had a stimula tlng offect on then and

‘, enccuraged their coming to surfacc of soil. ¢

| Stem nomatode speeics particularly adapted-to white clover and cucumbors

| were found on theso erops; the ncmatcde found dn cucunbors was idistinguished
| . by a sharply pointed tail cnd small dimonsions.

P
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[Tablc 7.] (Continued [from
. age 5361)
- i ‘_To%c.l'“::_j_ rop Plants
Nos. plants with [without
consce Nome of plonts ‘tanalyzed pomc ie(nond-
order ' | tode jtode
. 22 |Red clover (Trifolium™spi)ieioiiiiiiiiiiiiiiiin 16 7 9
23 Pcas (Pisun sativun L.),................:.:Z::: 89 45 44
24 |Voteh (uncertificd scod) {(Vicia sativa Li)ee.e. 20 4. 16
25 |lentil, Petfovskoio 4/105 varicty -(lons oscu=- :
- ].Cn.ta chh )‘hl‘.ll!.‘.ll!ll.0!lhll!.l.l.ll!'. 15 3 10
Gboscfoot Fomily (Chenopodiaooao)
26 |Boot, Egyptian voriety (Botavulgafis L.)i.iiiiis 74 6* 68
27 ¢ |Fodder beoet (Beta vulgaris L. )......"22}21222222! 13 11 2
.28  Mountain spinach (Chcnopodium 8Pe)ieciecssceasas 11 - S 11
29 limaranth (Amoronthus SPe)eeeccccecseseesanassons 2 - 2
Carrot fomily (Umbolliforao)
30 |Carrot, Fantskoin varicty (Dadcus caroka Li)..:: 71 152* 56
. 31 {Parsleoy, Sakharnaia varictf.l.. . iiiiiiiiiaiiies 102 1 101
32  |Dill (bncthum groveolens Le)eceeeescas 16 - 16
Thistlc family (Compositac).
33 |Lettuce (Iactuca Sotiva L e ceveeseecsasancnsoe 29 | 5 24
l,
Gourd family (Cucurbita cenc) g
i
34 Cucunber, Myromskii varicty (Cucumis sativus L. ) 115 |- 1153
35 Cucumbcr) Viazniko¥skii ¥oriéty (Cucumis Sati- 100 - 100
vus LIQCIQ‘!“C.I"C..Q.'."'..ll'.'..."!1.“. v
atcrleaf fomily (dvdrnpnylchWO) _______
26 Tansy (Phacclia tanacctifolia Bentha).eees.. ceeed 299 39 260
Flax fomily (Llnbcu“c)
37 (Flax (Linum sativunm L.)......................... 76 2 | 74
- Mint family(Labiatac)
38 UnidCﬂtifiCdWO\)d...........¢....‘......-.--.... 1 ! - l
' TOtalessnsnoaven eeas | 2678 | 252 | 2526
*For footnotos sco prccoding pazca

H
!
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Rosults of analy51s of onion nematodc infestation of cultivatoed plants inocu-
lated artificially at an carly agc and thc grown in a grrvnhnusc and in opcn

ground at Petrodvorcts

TR -
- . Plants.. .
Nos. i § Total with {without
_ennsce. Name of plants plants nent- fnena-
order analyzed ltode |tode
Cereals (Gramincac)
’ ‘1 | Qats, Zoloboi dozhd' variety (Avors Sativa L:) |
“ a) infosted” plants::::.. ........ Cececreanan . 62. - 62,
b) controlsSe.eeeeennns ' 50 - 50
2 Winter whéat (unccrtlflod sood) (Trltlcun vul-
-garo Host.): ‘ i 1
infestecd plantsea it il ariti, 21 - 21
b) controls,. . everecans Ceseersetatantianaans 5 - 5
Mistard family {(Crucifcorac)
. 3 Cabbage, Ronninin No. 1 varicty (Brassma olora+
cea var..capitata L.)i - "Tc T oo
- a) infosted PlantSasiiiiiereiiiiieiaiaiiiieans 43 - 43
b) Controls...-..-.----...-........-..--...... 72 - 72
4  |Radish, Rynochnyi Krasnyi voricty (Rophanus .
sativus var. radicold ' Pers;): """~ T
T 2) infostod PLORTB:seiiresessimenscosiiaa 1000 159 145 14
D) COmtrOlSeasetieeneeniianeereneenansennnns ../ 108 - 108
5 Radish, Ledianaia sosulka varioty (Raphﬁnus
' ctivus var. radicola Pers.)s =~ "7 T
8) Infostod PloRtE:cc.riieiiiiaecisitaseierisd 104 86 i 18
b) chtrolsﬂ..I‘O!l.‘ LR 2N L L B I BRI B BN I IR B B Y I RN R | 30 - . 30
Potnto family (Solanaccac)
6 Tomato, "Chudo~-rynka varicty (Solﬂnum.lycopcr— | .
. {sicun L.): o ;
2) infosted Plantsii.iivieeciriiiiiiiesiieazl 118 5 | 113
b) o) 2§ v oo - P A 1 71
‘ 7 Tomato, Plorotta varicty (Solanum lycoper=
gicum L.): T T e ,
af‘lnfostcd Plantsi.ii.it...isisiiiiieiniessa b 148 25 123
b) O’ﬁntrols...........--.-..................-r 125 - 125
I * Sofgc sort of partiéular stom nomotodo spccids the dinmensi-ns jof whigh
wege not obove lmm.was found on grain Crops.
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{Tablc 8. Continuea]

Total

i__Plants
Nos. ip S plants - ith [|without
consec Name of plants analyzed | nema- |nema-
order tode |tode
8 Potatd, Ranniaia Roza variety (Solanum tubero-
e sum L.) i T mmmAe e s e ’ .
a) infested plantSc 4% 0 0081 06¢te00s0T et TaneSs 1 - 1
. Legumineus plants (Leguminosae)
9 |Alfalfa (uncertified seed)” (Medicago sp:):-
2) Infested PlantsS....eeeeeeeneeeeencos vaean 1! - 1
10 Clover(uncertified séed) (Trifélitm sp:)s -~ -
a) infested plantdiiiii..i.iiiiiiaieriiisieis 28 - 28
b) GOI’lflI‘OlS...l...I.’...............-..... ------ -¥ 29 had 29
[Begin P. 538]
Goosefoot family (Chenopodiacecae) |
11 Spinach (uncertified seed)i” ~~° " - oo 3
. : a’) infested plants.... .. . il aiiiiriiiinianiy! 2 - 2
b) contrOlS........-...‘......-...‘....-.....; 2 - ! 2
: !
12 Becet, Egyptian varietys "~ """ " U T "? ‘
a) lnfCSth plan‘bé.....-.-.;:.......-...-..o;-§ 97 5 J94
b) OontrO].S.-......-..-...-...¢-.-... --------- ‘ 45 - 45
13 Bect, Bordo varietys """ 7 rcocoeoees- e
a) infosted plants. isiiiosoierioeienioiiiss 82 1 81
b) COHtI‘OlS.--.-...,..‘......3................-é 67 - 67
Carrot family (Umbelliferac) :
14 Dill (Ancthum gravecolehs LiJs " ~""" ~== =<-"--- -
i) infested plants il iiiiiisiiiiiivieiiin 49 ! 8 41
b) controlSeeeeeeueeerenecannann.. Ceeteaeaan .l 50 L - 50
: P |
i . :
Thistle femily (Compositac)
15 Daisys , R
8) infoStod PLAALS e vewe et v esenstennne iiiseii,
. i D) CONtrolSe .ceaeerennin.... et enaenas certiean ;
t : ;
. |
Gourd family (Cucurhitaccac) f f
16 :Cgchmber, Maromskii varicty (Cucumis sativud Li) f i
. ! 8) infestcd PlantsS e eineniiiiiiiieiiiienanans 30 -- 30
© b) controls......... Cesenainan crenieea ceens 8 - f 8

i
.
i
i

i

i
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‘ {Table 8, cdntimied from
page 29
_ < | Totel  with with-
Nos. in plants nema- fout
conscc. Name of plants analyzcd | todc |noma-
ordor todc
. Plants -
17 {Cucmber, Klinskii veriety (Cicumis sativis L:)i
' a) infested plaAtssii. . iiiieiii.ortiiiiiaes 41 . 4 37
* b) COII’GI‘O].S.....-.......-...._..........a...... | 23 - 23
18 |Cucumber (uncertificd §éed) (Cucumis sativus Li)
: a) lnfCSth plantSQQOQCQ;!;OQlQ!.'!t"'.Ql". 28 1 27
b) OontI‘OlS........’..-............a.......-.. 15 - ].S
To‘ball 1T % 4 % 8 0 " 0 R e e 1744 286 1458

0
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(Bottom p. 536] To thc list of plants which attract pests should be
addcd the radish, the foddcr turnip [Brassica campcstris rapifora], tho
[repe - Bressice rapal, mstard, tensy, ond in part voteh ond lontil. Their
attrootion for thc necmatode is hard to cxplain, but there is'no doubt that tho’
ncmatode is glad to invadc them and is likcly to contontratc there by thc tens.
In 1939, .undcr ficld conditions at Kichanzino, thc nematodc was found in 2ll
16 foddor turnip plants analyzcd, in 19 out of 43 turnip plants analyzcd, in
© 7 out of 26 mustard plants and in 9 out of 22 tansy plants. In lontil it
was found in all threc plants concdrned, and in veteh, in 4 out of 10. 1In
most cascs the worms worc numcrous. £11 plents of this group lookcd cntircly
. hoealthy, and an ocxtcrnal inspection of the roots rcvealed no traccs of in-
jury. In 1940, the crops.réforred to showed a considcrably smallor pcr-
contage of worm infestotion. In tansy, ncmatodcs were found in 30 plants
out of 277 plants, in the radish, in 1 plant out of a 102, and in vceteh,
lcntil and foddof turnip (10, 10, snd 100 plants respeetively), thoy were
not found ot all. Nonothcless, undor conditions of artificially heavily
infcsted radishes, in a greenhousc at Pctrodvorots, worms werce found in
145 out of 159 radish specimens of the Rynochnyil krashyi varioty; and in 86
out of 104 of the Lcdianoin sosulke varicty (Table 7). [Bcgin p. 539] In
this particular casc thc worms rcmrined in tho plants until the vory hervest.
Their abscncc in thc samoc crop-in Kichanzino can be cxplaincd only by the
latc datc of analysis, which was performed in the phasc of sccd maturing,
. when plont tissucs had alrcady lost their frcshness and succulonec ond
probably thercforc no longer had any attraction for ncmatodes. Furthermorsc,
in the fiecld, the worms had scloctive possibilitics as to subsistencc plants,
| thanks to the prescnce of weedsj in the grecnhousc, howcvor, therc werc no
| other plants besides the radish. The fact that ccrtain phascs in the develop-
| mont of the radish have zot an attraction far the ncmatode is so much the
more ccrtain, boecause the worms werc found very rarcly, or not at all, on
othcf cxporimcntal plants, regardless of cqual artificial infestation of the
soil.

The third group of plants which do not attract the ncmatodc and arc
not injurcd by it, includcs but a smoll numbur of crops: whoat, rye, oats,
millct, cabbagc, horsc radish, makhorca, potatocs, cggplant, alfalfa, clovor,
bects, carrots, persloy, dill, cueumbers, flax ond spinach, and thc wcods
gooscfoot, amaranth, and wild daisy. The possibility that worms stoy tome
porarily in”plants bclonging to this group is indicated by the following’
obscrvation. .In Kichanzino, in 1939, the:; nematode was .found “in meny plants
_ of alfalfa, makhorea, carrots ond flax imacdiately aftor the hcavy rains of
. July 8 and 9th. Under thc influonce of moisturc, the worms crawled all over
the lot ond, in possing, climbed also on crops to which they arc not adapted
and which thoy latcr loft; thus, on the day following the rains, thc nomd-
todc was found in all 5 alfalfa plants anslyzed; yot a month and a half later
it wos not found in & singlc plant of 18 cnalyzcd; nor was it found on 2 singlc
plant out of 61 alfalfa plants in 1940. Thc ncmotode was found in ono
makhorea plant on the day following tho rains in 1939, and in nonc out of
2 o month and o half latcr; in 1940, it was found in nonce out of 102 moke-
. horca plants. Of 12 plants of flax analyzed aftor tho rains, thc ncmotode was
found in dnc, and at tho ond of thce vogetative scason, it was found in onc
out of 64, A similar picturc was obscrved on carrots whorc the perccntage
of plants inhcbited by worms in 1939 droppod considerably toward fall,
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compared the July, and in the yoar 1940 it cqualled zcro. Conscquwnrly, in
scparatc cascs, the ncmatode éan be found on crops which do not bolong to the
list of its subsistcncc crops. Honce, it cannot be infcrred that o plant '
"belongs to the list of nocmatodc hosts, just bocausc the nomatode had boon
prcsent in individual cascs.

The nomatode was not found on wheat, ryc, oats or millct (tablcs 6 ond 7).

Nonethcless, o speeial varioty of the stem nematode was found in 4 ryc
plants, 13 millct, in 2 plants of spring whcot and in 1 of winter whoot in
1939 at Kichanzino; it was found also in 3 plants ¢f ocats out of 62 of the
infcsted scrics, and in 1 out of 50 controls. In addition, this varicty

was found in 3 plants of winter whoat oit of 21 token form the infested
scriocs (Tablc 7). In the casc of weeds, thc nématodc was found only in cnc
plant - barnyard millet, at Kichonzino in 1839. This happencd to be 2

larva 1017 microns in length and 20 microns in width. Most of thc Cruciferac
plants investigatcd as to the nomatode arc included in thc sccond group

by virtué of their attraction for worms (fodder turnip, turnip, radish,
mustard). Yct, somc of tho cxperimental plants - coabbage and horsc radish -
obvicusly rust be added to the list of thosc which do not attract the pest and
arce not attacked by, it. The ncomotode was not found in horsc ro dish, and of
148" cabbage plants, it wos prescnt in only onc and was limited to ¢nc speei-
mcen. It must 2lso bc noted that, rézardloss of hoavy artificial soil in-
fostation at Pctrodvorcts, [Bogln P 540] thc 43 cabbage plants grown thore
wore free from pests. .

Those of thc potato family investigated wercs tho tomato, makhorea,
potato and cggplant. Of thesc only the Chudo-Rynka“and Plerotta tomato
varictiecs proved subject to infestatisn {scc above). Potatoes, mokhoreca and
cggplonts may, on raré oceasions, be nomatede carricrs; tney arc not, how-
over, injurcd by them. Thus, at Pctrodvorcts, a potato plant was grown
artificially in soil cxtremcly hoavily infosted; it produccd meore than
ten largé, healthy tubers, and not onc cf them, nor the plant itsclf, was
infested. : : :

The following cxperiment wids conducted on értificially infested pototo

and beot tubers and onion bulbs. Groups of 20 tubers and bulbs werc infceted

by nomatodcs by meons of introductiocn of small particls of an infcested bulb
through a decp cut; the incisien cdges werc brought together with bancagces
and then the tubors and bulbs were wropped scparately in paper. Half of the
bulbs worc kcpt in a ccllar at 10-12° C, and half were placed under a shélf
in a greonhousc where the temperaturc fluctuated from 30- to 20 and lowor.

In 2 months timec all bulbs werc infestced, and most of 211 thosc kept at low’
temperaturc. No ncmntodes were found in bocts: obviously they all perisheds
They werc absent alsc in the parts cof potato tubers not damaged by incision.
A certain amount of larvae werce found in but 3 tubers in the placc of

incision where they apparcntly had survived cover sincc they had becn intro-
duced in the tubcers.

Field obscrvation at Kichanzino showed that even thc Bpicure varicty,
one of thc most susceptiblc to the stem nematode, was but mildly infested.
Thus, in thc ycar 1940, we anolyzed 114 plants of this potato variéty and
only 3 of them proved to be vectors of a small number of ncmatodes. All

i ]
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plants looked perfectly healthy, and their yield of mofe than 1000 tubers
wes of 2 high quality; no nematodes were found in them. In eggplants, too,
the nematode 'was found in very limited numbers and only in 3 plants out of
110 analyzed. On the basis of the above and alsoc 8s a result of the very
good condition of the crop in all repeated tests, it can Be assumed that
eggplents are not subject to injury by the onion nematode. Naturally, the
possibility that the nematode may adapt itself to & life on potatoes, egg-
plants, and other plants is not excluded, 'especially if a nematode genera-
- tion grown on tomatoes and other related crops were to be transferred to
these plants either in natural enviromnment or artificially.

Plants of the legume family investigated were the GrimmeZaikevich vare
iety of alfalfa, white and red clover, peas, vetch and lentil. Peas, above,
are host plants of the onion nematode, vetch.and lentil possess the capacity
to attract it. As far as clover and alfalfd are concerncd, they are ncither
injured by the pest, nor do they attract it. Of the 84 alfalfa plants
analyzod, the nematode was found in 5 snd in all cascs on the day following
the heavy rains of July 9, 1939. Further analyses, conducted at the ehd of
1939 and during 1940, have disclosed their completc abscnce in alfalfa.
None. of the 71 plants of white clover analyzcd had the onion nematode. Red
clover proved to be a nomatodc vector in 7 cescs out of 16, with 5 cascs
being registcred the day aftor the hcavy July rains in 1939. Tho same year,
wc conducted an cxperiment in artificial infostation of rod clover under
18boratofy conditions at Loningrad. Sccd werc planted in sterilized soil
[(Begin p. 541] in which, a fow days later, a large amount of worms was ine
troduccd together with fragments of moaty scales from strongly infcsted bulbs.
Sprouts had a normal appoarance, and a microscopic analysis of approximately
40 plants revealed the proscnce of singlo nomatodes in only two plants.

A second cxpcriment in artificial infostation of red clover was conductéd
ot Petrodvorets wherc a considerably largce amount of sced had been sown.
The experiment was conducted twico, and nematodes werce introduccd in the soil
the samc as in other cascs, under the roots”of young sprouts, with scgments
of mecaty scales from heavily infosted bulbs. Tho plants worc developing
normally, and an analysis of 28 spcecimens discloscd a complcte abscncc of
nemitodes. laboratory oxperiments, substantiated by ficld obscrvation ot
Kichanzino, justify fully the statement that tho onion nematodc docs not
injurc clover, and that the latter is not o subsistcnce plant of thc nomne
tode. At tho same timc, it must be noted that we discovered a special
varicty of the stem ncmatode less than 1 mm in“length in 1 2lfalfo and in

3 clover plants at Kichoanzino in the year 1940.

-

No subsistoncc plarits of the nomatodc were found among the gooscfoot
fomily (tobles 7 and ‘8). In bocts, tho ncmatodc was found in soveral ine
stances. In Kichanzino, in the year 1939, the onion ncmatode was discovercd
in 6 beet plants of the Egipeotsknia varicty out of 74 plonts analyzed, and
11 plants of the foddecr beet out of 13 plants inspcected. Tho greatest in-
cidence (12 out of 17) occurred immediately ofter the July rains, indicating
that thc worms had crawled on these plants accidentally. In 1940; no ncme-
todes werc found in a single beot plant out of 57 plants snalyzed. Tho
beet crop produced o very good yicld, and & microscopic inspoction of scveral
hundrcd roots under field and storage conditions failed to disclose any
traccs of infestation. The nonsusceptibility of bects is confirmed also by
cxperimonts conducted in Potrodvorcts on the Egipetskii [or Egipctskaia] and
Bordo [or Bordoaux] varictics. Onc of these: cxperimonts - a futile attcmpt at
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root infcstatiof - has alrcady becn doscribed; two others ‘were conducted

in a greenhouse. In onc of them, ncmatodes werc introduccd artificially in
unsterilized soil on o rack where beets werc being grown; a part of infested
and of control sprouts was later transferred to open ground wherc it wos
growing until harvest timc. The sccond cxporiment cofisisted of growing

beots in storilized seil in boxes at a depth of 20 em. All together, morc
than o 100 plants wcre grown in boxes, and they grow woll and preduced an
cxccllent yicld rczardless of whether or not they had boon infested by the
nematode. During harvest, 407 beet plants of the Egipetskeld varicty and

374 of thu Bordo varicty werc taken for analysis and storagc. A largo part

of the plants grown in stcrilizcd soil in boxes was subjected to micro=-analy=
sis. In nonc on the 41 Egipctskaia varicty boot specimens”or in the 57 of the
Bordo varicty, not counting controls, worc found nomotodes. Of thosc infestod
and grown in a grccnhcuse and in open ground, 56 bect specimens of the
Egipotskaia varicty and 25 of the Bordo varicty were taken for analysis: in
the Egipctskaia varicty, very few noematodes werc found in 3 plants and in the
Berde varicty in 1 plant. The rclatively small dimensions of tho worms
(longth of fomalcs not above 855 microns), together with the fact that in

3 instanccs they were found in the cpen ground and in onc instonce in 2
greenhouse in ploants grown in unstcrilized soil, justify the assumption that
herc, podsibly, was involved & stem ncomatode spocics cther than the onicn
nematodo. The rosults ~f storing 490 boot roots (Egipotskaia 265 and Bordo
225) arc convineing cnough that the onicn nematode decs not injurc this plent.
The roots werc storcd all wintér in boxes in a Pctrodvorcts bascment and

wore inspceted in Junc of 1940. [Beging p. 542] From the group of infosted
plants 30 roots worc analyzod of cach of the two besot varietics; the ncma-
tode wos absont in all spccimcns.

Plants of the éarrot fomily [Umbclliferac] investigated were dill,
parsley and carrcts. Dill was sccded 'in a Petrodvorots groonhouse and in-
fostod with the nomatodc artificially. Growth of tho plants was normal and
no symptoms of discase wcre observed. Of thc 49 plants uscd for analysis, tho
nematode was found in limited numbors in only 8. In Kichanzino, dill was
growing all over the cxperimental lot as o result of sclf=sceding; of the
16 plants conccrncd, thc onion ncmatodc was found in nonce. In all probabil-
ity, dill ncecd not be includcd at all in tho list cof host plants of this
nematode. The Sakharnaia variety of parsley was transplantcd onto the ox-
perimental lot ot Xichanzino in the year 1940; 102 plants wore uscd for
analysis aid in one of them was femalc ncmotede; no symptems of discasc
wore noted. Apparcntly, pafsley likcwisc cannét bc considecrced as o sub-
sistence plant of this pest. The Nantskaia carrot varicty was grown in

1939 and in 1940 on thc cxperimental lot at Kichanzino. The plants were

amslyzod whilc very young; in 1940, tho ncmotode was found in ncne of the 26
plants concorncd, but in 1939 worms werc discovered in 15 plants out of 45.
Of thosc 15, thc nomatodc was found in 12 plants ocut of 14 analyzed the ddy
aftcr the July rains, and only in 3 plants out of 31 analyzcd in the fall.
Thus, carrots arec not ifijurcd by the ncmatode, but its accidental invasicn
of this plant can occur.

Thosc of the thistle family [Compcsitae] investigatod were léttucc
and the wild daisy. Lettucc was grown only in 1939 at Kichanzino. During an
analysis of 29 plants, ncmatedces were found in very limited numbers in 5
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plents. 'ild daisy grown in artificially heavily infested soil in a groen-
house (toblc 6) proved to bec frec of nemotodes. :

Cdwmmbers worc the only spocics of the gourd family investigatcd as to
possiblc infcstation. TWd cucumber varictics - Miromskic and Viaznikovskii
were grown in Kichanzinws. Both proved resistant. In the Muronskic varicty,
a distinct spccics of the stem ncmotode was found in 2 plants out of 103
analyzed. Its dimcnsions worc not over lmm and, besides, it was plainly
distinguished from thc onion type by a very pointed tail. Threc cucumber
varieties worc grown at Pétrodvorcts - Muromskic, Klinskic, and an unknown
variety from Whitc Russia. The nomatode was discovercd in“4 plants of the
Klinskic varicty and in 1 of thc unknown varicty (tablo 7). We grew sprouts
by thc tens undér laboratory conditions and infestcd them with, the nomatodo
ot seeding timc. The worms worc introduced in tho soil by sprinkling it
cvenly with water containing nematodes in allphascs of development, cxtracted
from hoavily infcstcd Bulbs. Three wecks lotor, the first batch of sprouts
was takcn for amalysis. The last analysis were made a month and o half later,
and of 26 plants analyzcd, 2 worms of very small dimensions werc found in but
onc plant; it is possible that these bélong to & special variety of
stom nematodc, distinct from thé onion typc; scceding had been carricd out in
unsterilized soil. Analysis of soil surrounding the roots of cxperimental
plants rovealed an almost complctec abscncc of the onion nematode, and thc 88
specimens found therc reproscnted 12 nematdde spocics, but included only one
badly domagced female of the onion nomatode.

The above account lecaves no doubt that the onion nematode is o rostricted
spocific pest that beclongs to a particular spccics of the stem nematode
(Ditylonchus allii Beijer.) [Begin p. 543] and is adaptcd to prasitism on the
onion and probably othcr plants of thc genus Allium; from time to timc it
attacks tomatoos gnd peas. It is not injurious to a scries of tho morc im-
portant agricultural crops, such as bcots, potatocs, grain crops ond many
othors; the nomatodc discose of thesc has long since becn ascribed to a
singlc varicty of the stom nematodc - Anguillulina dipsaci.var. communis
Steciner ct Scott, 1934 Ditylcnchus dipsaci--(Kuehn) Filipjev, 1934.

CCNTROL MPASURES FOR ONION WEMATODE

One of thc morc osscntial mecasurcs is crop rotation with scleeted
rosistant crops, in which tho onion and othor possiblc subsistcncc plants of
the nomntode (garlic, tomatocs and pess) must not be sown in the somc ficld
before the oxpiration of 1-2 yoars. This can be accomplished casily on
sovkhoz and kolkhoz [statc and colldsetive fapmsd. ficlds, sincc the number
of worm-rocsistont plants.is fairly large.

Of utmost importancc is also sccding of uninfested séed matorial so as
not to add to the soil a ncw supply of the onion nematodc. The old supply
of worms can be climinated by cfficicnt crop rotations and carcful cloaring of
ficlds of post-harvest onion rcfusc. Sclcoction of sccd bulbs is acconplished
best during harvesting. The appcarance of infosted plants immcdiatcly upon
their cxtraction from the ground is so typical that thcy can be picked out
without any difficulty. The romaining fow contaminatcd bulbs must be ro-
moved by additional sorting before thet bulbs arc storcd and again just Beforc

_\4,' - ' . -
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-

planting. Thus, thogardon onion rcsorvod for s¢ed can be c¢lecared fully. It
is not so simplc with thc sced onion. It must definifely be clearcd during
harvesting, as its sorting later on is very difficult. Expcricncc proves

that infestation of thosced onion after winter storage is frequently 1-3%,

and deholminthing of bulbs cen be accomplished completcly only with the aid of
wct thermic trcatments. Experiments have rcvealcd that to achicve this
objective, it is most desircablc to apply the following tomperaturcs and
CXpPOSUrcs:

-

45-46° ¢ for 15«10 min.
50-52 " 10-5 u
55-57 u 5=3 "

Tho tcmperaturcs and oxpesurcs indiectéd arc quite sufficint for
dchelminthing, and they often kill the ncmatodes together with the bulb, if
it is badly infosted; onc naturally, nced not’rcgret the loss of infested
bulbs, for thcy would producc no yicld anyway. Vot thormic troatmont -
before planting has no ill cffect on the growth of hcalthy plants. ILaboratory
and grocnhousc oxporiments at Potrodvorcts have on the contrary, shown
that growth and productivity have benefited from thermic treatment. Results of
wet thermic treatment of the seéd onion grown in 1939 in a Petrodvorets
greenhouse are cited in table 9. Each plant grew to full maturity ina
separate pot filled with soil sterilized for nematodes. Sterilization was
accomplished by heating the soil for about an hour at 60-80° C. The bulbs
collected at the end of the experiment’lay in storage the winter of 1939-40
without producing and waste. [Begin p. 544]

-

Table 9.

Influence of wet thermel treatment on growth of seed onions grown in sterilized
soil at Petrodvorets in 1939

Nos.in] Tempera- ‘é?@osure?Number | Plants 'Yicld  :Bulb diameter of new
consecq ture (°C) in mi- | of ‘dorlved (in ' crop (in cm)
order . nutes)  bulbs | . bulbs) From - to]| Averapge
1 | 45-46 10 3 { 21 5 i1°--1.75 : 1.5
Gontrsl - 3, 3 i B 1.5==2 . 175
2 50-50.5 10 5 | 5 16 11 ==2 1375
Control - 6 | st 16 i1--2 © 175
5 52 | 5 5 | 5 23 0.5--1.75 | 1.5
Control A Eo4 4 9 11 --2:75  2°
4 57 |3 . 6 | 6 21 117--2,76 | 15
Control .- L3 .3 7 10.5=-2 . 115
5 67 1 . 5 1 5 12 j17--2 - . 1:5
Control - s 3l 6 1.5--2.25 | 1.75
I i : :
| | i ‘
Total . i L 45 | 4l ' 120

! i
1
Fusafium #nd rose rot infection was obscrvod in all cases of plant destruc~
tion. : '

-4
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1 Similer results were obtzined under field conditions in Kichanzino in
1939, where thermal treatment of seed onions was accdémplished shortly before
planting at a 42-45° temperature and Z2-hour exposure. The expériment was
conducted in April and repeated twice on test lots measuring 9.5 m in length -
and 1 m in width. Three hundred and fifty séven bulbe were planted in the
test lot in 3 rows parallcl to its long axis. Results Were evaluated by moans
of external inspcction df the plants in each middle row. The plants collected

- woere sorted into groups of healthy, diseased, doubtful as to infestation and
others.
« ' Specimens infected by fusarium, gray mold, and injured by thc onion fly

and othcr pests wore included in the last group; immaturc plants, tco, wore
included in this group. The rosults of counting and weighing of cxpcrimental
plants by groups are cited in tablc 10. Its analysis is convincing that wect
thermal treatment had failed to excrt any great influcncce on the weight of tho
yicld gathcred; the plants produccd an average 316 gr drop in weéight per tost
lot, and rcduccd the number of bulbs by 30. This can bc cxplaincd by the ox-
tremely long cxposurc of the scodling to wot thermal tréatmont which can be
greatly reduced without impairing dchelminthing results. A dccrozsed ox-
posurc Should raisc considcrably thc geoneral productivity of tho plants
treatcd. Tho cxpecrimcnts conductced, naturally, rcquirc chocking on a large,

‘ industrial scalc, but thore is no doubt as to the feasibility of using the

. wot thormal method in treating sced onions against the onion nomatodo.

Apparcntly, it is also cntircly possiblc to apply the wet thormal treat- -
ment in dchelminthing onion scud (of the chornushke oniom) rescrved for sowing.
From thc unpublishcd oxpcriments of T, F, Nikitina, conductcd undcr labo-
raetory conditions at the Gorki Rezional Exporimcntal Station for Ficld Hus-
bandry, it can bc concluded that dchelminthization of the "chornushka® onion
by thc wet thormel mcthod produccs abundait germination fo thesc sved. In
ficld cxpcriments at Kichanzino, [Bogin p. 545] this sort of trcatmcnt of the
"chernushka® onion also produced positive resultd (table 11). The oxperi-
ment was repeated twice on tost lots measuring 9.5 m in,lcngth end 1 m in
width. Altogether, cxperiments worc conducted on 114 m~ . On cach tost lot,
47.5 gr of onion wocrc sccded in three rows, parallcl to its long axcl. Scod-
ing was carricd out in 1939; cxperimontal rosults were cvaluated from August
21 through Scptember 2nd. Onc row of cach test lot was sclocted for calcula-
tion. Duo te dry wecather in tho first. half of thc summcr, germination was vory
protractcd and the plants bcgan to sprout noticcably only aftcr the torrcntial
rains of July 6-=8th which werc accompanicd by chilly weathcr. The fains causcd
. the mass movemeont of ncmatodes and their mass infestation of onions. At
harvest time thc goncral infestation of the sced onion was fairly hecavy, but
considcrably lcss than that of tho gardcn onion (tablc 10), which muqt be ox~
plaincd by thc rclatively latc infestation of the sced onion.

Duc to latc planting of the sccd onion, tho plants were not 'giitc ripe
at harvest timc, and, thercfore, thoy worc woighod with the lea¥ces. On the
troated test lot, the avcrage total woight of plants was 157 gr. morc than”

. that of control plants: yot the number of plants harvosted was by 52 lcss.

- It is to bc oxpccted that by rcducing the time poriod for preliminary wott-
ing, plant growth will prove considorably botitor.than that of controls.
Unfortunatcly, thc problom as to whcethor or not thé treoatmont kills the

nematode within the plant romcins an open qostion. Howover, by analogy of
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action oxcrted by high temperaturcs on other ncmatedc spocics, particularly
on thot of whoat - Anguina tritici (Steinbuch), it con’be assumed that the
tomperaturcs indicated in tablc 11 will kill the worms. '

We find it impossiblc to dwcll on 2ll cxperiments and obscrvations cons
ductod for the purposc of investigating moasurcs to combat. the onlon nemctode,
bucausc most of thoms: for instoncc liming of soil, differont vorictics of
of fertilizers, testing of microclcments, difforont scoding datos, cx-
periments in turning over laycrs, [oveorot plasta] and othecrs, havc produccd
no positive rcsults, and the cxperiments dnd obscrvations which did
producc rosults have boen described above., Wonctheless; therc is on cx-
periment which cannot be left unmentioned; it was conducted in Kichanzino
for thc purposo of clarifying in what form worms arc whon thcy pass through
animal *intestine and whether or not they might be distributed with
monurc, Tho author had takon undcr obsorvation two shecp which for 2 doys
(August 5 and 6, 1940) had been fed heavily infosted onions. In this
scttloment, many farmers usc infestecd onion for animal fecd, particulary
for sheep and onts. “Some of them prescrve also dry onion leaves 2s
wintcr feed for cottle. Infostod onions intended for focd werc picked
from plants of the coxporimental lot. Thesc wére mixced with cabbage leaves
and wceds, but the shocp preferrcd thce onions. Excrctory analysis havce
shown that +h. “largc majority of worms had beon complctely digested in
the intestines. Altogother, 37 ncmatodes werce found in éxerctions, ol-
though thc sheep had boen swallowing thom by the million. Three of thun
were obsorved to move the head ond of the body very slowly and bricfly;
an attuipt to revive the worms by tronsforring thom to purc water cned in
failurc. -This cxperiment justifics the cssumption that the worms cannot

‘be distributed with manurc. But it must be kopt in mind that manurce

D

noy alvays contain a cortain amount of undigested foud, ond, to cnsurc
full onion nchatode sterility of monurc, caro must bo token that foed is
well digested. Since nematodos cannot survive formentation, well for-
monted mapurc boeomecs cntircly harmloss as for as their distribution is
concernud.
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COMPARISON OF OWICH NEMATODE POPULATIONS GROM ON DIFFERENT PLANTS

Lssuming that food propertios cannot fail to influcncc the orgonism
of worms, wc conducted a thorough morpho-anatomic study of onion numatodc
populations growm of diffcerent plants. For choracterization of cach
populaticn; wc usually sclocted 50 speeimens farm the phasc under con-
sideration. BEach spceimcn wos mcoasurcd and the dimcnsions obtaincd were
rccored accoriding to the Cobb [Kovb] formula. In addition, mcasurc-
mcnts werce takon of the spinOv[igla], the distance between the vulva and
the postorior cnd of the body in femalcs, the spicules and the redferrulc
[rulok], distancc betwocn bursa and tip of t2il in malds, and likewise
sizc alpha (rclation of body length to longth of tail). Moasurcmonts
worc ta ken chicfly of fixed matdfial (4% formalin); a fow moasuroments
were taken also of live moterial.. It nust be noted that the ncmatodes

', utilized for mooasurcment were not colleocted ot oxactly the same time.

The isugust 1940 onion samples werc not fixcd; hence, to mecasure
onion ncmatodc populations, it was ncecssary to usc spoeimons collected
in August-Scptomber of 193¢. Populations from tomatocs and poas, hove
over, were collceeted on 20-22nd fLugust, 1940.

™hen populations of the onion nomotode grown on differcnt subsis=

tenec plants arc comparcd,.it can be scen thot the onien population is

. composod of individuals considerably larger than those of thc tomatoo
population,and of just a littlo largcr oncs than thosc of thc poas
population (toble 12; fig.5). Thc peak of the variation curve in nomatodces
oxtrdctod from onions lics ™within the limits of 1400-1500 microns, drop=-
ping sharply on hoth sidcs. [Bogin p. 547] Thc curve for femiles (60
spcecimens) and that for malcs (40 spocimons) look almest alikc. In the
onion population, larvac of ti:c fourth stage also have large dimensions,
posscssing an average of 1100 microns in longth and 23 microns in width
token of 50 mcasurcments. Individual variation in their longth rests
within the limits of 950 to 1300 microns in width, with minimun dimcn-
sions meosuring 60 x 30 and maxirun 111 x 33 nmicrons.

The population of thc onion nomatode grown in tomato tissues reonched an
average 1190 microns in lcongth and 30 nmicrdns in width in fomales, and
a corresponding 1150 x 24 nicrons in males. The dimonsions of fomalcs are
alpha==40, boto==6.6; gommozz16, and in moles corrcspondinglys alpho=s49,
bcta==6.7, gamma==15. In thc tomato population, larvoc of thé fourth stage
have an average of 885 microns lungth and 22 microns in width.” Mirimol
lorvac dimensions roach 770 x 20 and maximel 1000 x 25 microns. The size
of eggs is almost the same as in eggs of the onion population, having a
78 x 32 micron average (out of 50 measurements).

The pea population is characterized by larger dimensions than that
of the tomato population, and, in this respect, it does not differ from
the onion one. In 25 females extracted from peas, the average body length
‘ equaled 1460, 'and the width 32 microns; in femaless:s alpha==z46, betam=7.3
and gamma==z16. The males are a little smaller and averape 1349 microns
in length and 25 micréns in width (24 measurements), in males, alphaz=55,
beta==7 and gammo==z16. '
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Thus, as regards size alpha, and the total dimensions of malecand
female bodies, the pea population is undistinguishable from that of the
onion .one. Fourth stage larvae of the pea population vary from 880 to
1220 microns in length (average 1109), and from 20 to 25 microns in width
(average 23). Consequently, the dimensiéns of the pea population do not

differ from those of the onion population. Since we lack détails as to the
locglization of tho pea population in pea tissues, [Begln P 549] it is
r impossible to determine the dimensions of their eggs, provided they do
hatch cggs in this plant. Dimension similarity in the onion and pea
populations is quite remarkable, if the worms actually multiply in poa
» tissues.

Worms cxtracted from radishes, mustard, cabbage, bects, lentils, vetch,
flax, tansy, tobacco, cggplant, potatocs and dill arc, in pdint of
dimcnsions, very closc to specimens of tho onion population. Although
found in many plants, their number was very small. .

Of thc list of plants which attract the ncmatode, the greoatest atton-
tion was paid to thc fodder turnip and the turnip. The females cxtracted
from turnip averaged 1315 microns in length and 26 microns in width. Tho
malcs werce somowhat smallor attaining (of 21 mcadurcmonts) an averago of
1273 microns in length and 23.6 microns in width. "In fomzle§; &l pha
4116, becta 6.2, gemma 14.7, and in malcs, oflphe 50.3, beta 6.4, and gammo

. 13.9. Tho lcngth of foemales varied from 1000 to 1700, and in malcs - from
900 to 1600 microns. The great voariation in worm dimensions indicatos
hotorogoncity of nomatodes found in turnips. It is ontircly probablc
that this phcnomcnon is duc to the abscnece of conditions in turnip -
tissucs csscntialito the propagation of the onion ncmetodec, and lndlcﬂtos
that thc worms had climbed on this plant from without and at diffcrent
times.

Dimonaion'analysis of ncmatodes from fodder turnip (17 females and.
13 malcs) produccd the samc rosults. Avorage famale dimonsions cquallced
1232 x 27 and thosc of males 1310 x 22 microns. The length of fomoloes
varics from 880 to 1517 and that of mélcs from 1100 to 1628 microns. -
Averagc in fomalos alphom=45, beta==6.2 and goumas==15; in malcs alpha-=58.2,
beto==6 oand gammazz14. Body dimcnsions of the nematodc arc as hcteorogenoous
as in tho prececeding casc. This, obviously, can be attributed to thé fact
that the worms had doveloped in plants other than the fodder turnip.
[Begin p. 550]

The matcrials citcd reoveal that o subsistonce plant leaves 1ts imprint
on thc parositec doevoloping within its tissues. Thc onion ncmatodc is
afforded 2 morc foavorable habitat in the tissucs of onions and it produces
o population that is characctorizod by maximal dimensions, comparcd to
populations dovocloped on othor plants.
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Tablell.

Comparative dimcnsions of onion nematodc spccimons from populations

grown on cnions, tomatocs and peas, at Kichanzino in 1939-1940

Dimensions of ncmstodes (in microns)

= Iength of Width of| Alpha Bota Gorma
body body
a
| Aug. 20 pcas | O 1110-1758 25-45 37-59 6.1-8.4 | 13-19.4
‘ 1940 T (1460) (32) | (45.9) (7.3) (15.9)
: A& 1210-1517 20-30 | 40.3-74 6-8.1 | 14.2-17.5
\ : (1349) (25) (55) (7) _(16)‘
‘ - St e . - - - -
‘ Aug. 20 Tom- | oo | 985-1520 25-37 | 27.1-49.7 5.628.7 | 12.4-24.6
1940 toos (1190) (30) (39.7) (6.6) (15.9)
3| 950-1300 16-28 | 35.7-62.0 3.828.3 | 13.1-17.3
| . (1149) (23.7) (48.7) (6.7) (15.2)
| ’ - . - - - - \
? ' Aug: 18 |Onions |o o | 1130-1924 30-43 34.8255.4 6.728.6| 14-20
Séps! 2 T+ (1420) (34) | (42.8)" (7.6) (16.7)
| 1939 & 1190-1685 20-30 | 44.8-74.9 6.2-8 | 14-18.6
‘ (1405) (25.5) (7.2) (16.0)

i . L ; . )
Renarkss : averags sizes arc cited in paronthosos.

(56)
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In contrast, ncmatodcs in tomatoecs havce a ‘lcsé favorable habitat
and this fact is markodly rcflccted in their sizes. Eggs arc cxposcd to
the loast variation and arc almost of the same size as the oggs of tho
onion population. .

500 1100 1200 1300 12001500 1600 1700 1800 1900

- -

Fig. 2. Variation in body léngth in onion nematode populations rcarcd on
differcent subsistonce plants.

Linc with highest pecak - length of fomale body, with a lcss high pecak--
length of male body; solid line dcnotes onion population, broken linc -
tomato population, linc of dots and'dashés - thc pca population; figurcs
bencath dencte length of body in micerons.

Influcnce of cnvircnment manifests itsclf first of oll in the total
dimcnsions of thc worms, but in individual cascs, significont variation is
obscrvcd in scporatc orgons. Thus, in the poa population, the lcngth of
the tail, vhlch can change from o pointcd onc to a dull onc, varics noticc-
ably. '

Oncc, among scveral thousand ncematode specimens with normally developed
pointcd tails, onc malc was obscrved with an absolutcly dull teil (toble
II, 5). PFinally, this influcnce con oxtond to the bulbus and, opparcntly, -
to othor organs. In ncmatedcs oxtracted from turnips, it was obscfved
that the bulbus changed its oblong form to an almost sphericnl onc.
In most nematodes collccted from turnips in August 1939, bulbus dimcnsions
worc 16 x 11 microns. In thc .onion population it is con31dcr&b1y more
clongated and avernges 20 x 10 nicrons.
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“Murav'ev, V. P.

Izmenchivost' Virulentnosti Mokroi Golovni
v Zavisimosti ot Prokhozhdeniia Tsikla see
Razvitiia cherez Raznye Sorta Pshenitsy

[Variability of the virulence of stinking smut
in relation to the passing of its developmental
cycle through different varieties of wheat]

Doklady Akademii Nauk SSSR, Jupe!l, 1954 ' ,
Vol. 96, No. 4, P. 857-859 511 P444A :

Variability of the wvirulence of stinking smut
in relation to the passing of its developmental cycle
through different varieties of wheat

In the fall of 1951, seed of winter wheat were inoculated with
the spores of stinking smut (Tilletia tritici) before they were seeded.
The spore stock was entirely homogenous; it was obtained from wheat spikes
also infected’as a result of spore inoculations in the preceding vege=-
tative period.

\

We gathcred separatcly spikes infectcd by smut from five variectics
(belotscrkovskaia 200, L'govskaia 3612, Khar'kovskaia 917, Liutesccnce 17
and Ukrainka) and cxtracted from them sporcs of stinking smut which
had complctcd their cyclc of development in onc vogotatlvo poriod in
different varictics of winter whoat.

- To dotorm1no whether or not thc passing of smut through dlffornnt
varictics had had an cffcet on its propertics, and to ascortain the
charactcr of this cffcet, we, in the fall of 1952 prior to sceding, .
inoculated spores into sced of the samc varictics of whoat from which
the sporc stock had been obtaincd, and, im addition, thrcec other varictics,
namcly: Losostepka 75, Erythrospcrmum 15, and Liutcsccnec 9. Thus, -
cxperimonts werc conductcd on 8 vafictics of whoat charocterized by
sharply varying rcsistancc to smut. This was dcmonstratced docisively
by infoction indicators obtaincd as a rcsult of calculdtions madc at
tho ond of the vogetative poriod in 1953 (scc table 1).
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‘l’ - | Tab l.o 1.

infcction of wintcr wheoat by smut “that had passcd through diffcrent -
Al varictics (perecntage of infectcd spikos)

i
A } 1

Varictices tecsted Varictics from whieh sporcs worc obtaincd
| Bclotser= =~ Lfgove| Khap'= | Liutes~ Ukrain-i Aver-
kovskaia 200! skaia | kovskais concc - ka age
I 3612 i 917 v 17
SN Wit N T
Beclotscrkovskaia 200 14:9 12:8 i 15. 1559  12:7 1433
L'govskaia 3612 40.6 427 41,2 | 3633 40:5 40,3
Khar'kovskoia 917 458 547 577 44.8 58.4 52.3
Liutcsccnco 17 52:5 573.3 63: 49.8 5473 55374
Lesostopka 75 7550 6936 65:.1 72.5 580 68.0
Erythrospormum 15 61.3 70,3 69.9 73.9  68.3 687
Ukrainke T 77.0 71:2 7411 5522 67:1 69.0
Liutesceonce 9 71.5 60.1 71.2 8l.1 64,1 69.6

Bclotserkovskaia 200 proved the most rosistant to stinking smut, which
coincides with its well-known industrial charactoristics. The date citcd
in table 1 demonstratc fully that the relative infoction of the varicties in

‘ this cxperiment, detcrmined by percentage of spike infeetion, fluctuatcs
grecatly whon Sccd is inoculated with spores derived from different varice
tios of whcat. Besides, the range of infoction fluctuations within the
limits of '‘cach varicty is lecss considerablc in cascs of rcletively
rcsistant varictics and morc so in cascs of susccptible varicties. Thus,
in thc Bolotscrkovskaia 200 and L'govskaia 3612 varietics, tho differonce
between the maximal dnd minimdl infoction - Ukrainko and Liutescconce 9 -
the difforonco is 21.8 and 21.0% rospectivoly.

Tablc 1 indicates thet rcgardless of which smut was. inoculeted, ’
Bclotscrkovskaia 200 and L'gdvskeia 3612 varictics hold first and second
ploces in resistancc to smut. Third and subscquent placcs arc held by
difforont varictics; thus, Lesostepka 75, Liutcsceonce 9, Khar'kovskaia
917, and Ukrainko arc found in fifth place. With respect to the last
variocty, it can definitely be said thot the appraisal, which it rcccived
during an infcetion by smut that camc form the Liutcscencc 17 varicty,
did not corrcspond to thc well-known charactcrizationof Ukrainka as
onc of thc most susccptiblc varietics of wintoer wheat. Thus, the
rclative susceptibility of varictics, and the placc occupied by a given
variety among o number of varicties tosted, depend on the sporc
material on which the dogree of resistancc was tested.
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The dete cited above indicatc that smut changes after passing through
diffcront varictics. The very important property that choanges in par=
ticular is smut virulchcc: This circimstance attractced the ;ttontion of
the phytopathologist V. N. Shovehonko. It is a circumstence that must
be takcn intoc considcration in the work of sclcetion and dovolopmo?t of
rcsistont varictics. To obtein comparative appraiscls, it is . noccesSsary
to usc sporc matoriasl of uniform composition for sporc inoculation.

To obtain an appreisal of variety rcsistancc to smut for industry, it

is ncccssary that, for thc prcparation of sporc meterial, smut infodt?d g
spikes be collceted in the rcgion for which the varictics undecr appra1§al
arc. designated, and thot varictal cnvironment be taken into considcration.

By analyzing data on thc degrec of infoction causcd by smut obtaincd
from diffcront varictics, and by asccrtaining the variability of its,
virulcncc; wo can cstablish the character of the variability of smut
virulcnec. For this purposc, we will comparc thc susccptibilty of
voarictics with the virulcnec of smut which has passcd its cyclc of
dcvclopment through o given varioty (seo table 2).

The degrec 6f susceptibility in table 2 was takonfrom tho last
groph of toble l. For the wirulence degree of smut form thc given -
varicty we took thomognitude of infcetion caused by inoculation of its
sporcs in all of the other 7 varictics. From an appreisal of this sort,
the virulcnec of srmt that had passed through thc Belotserkovskaio 200
varicty proved meximal: it caused o 60.5% infoction in the rcst of the
7 varictics. The minimum indicator of virulcico (50.7%) was found in
smut from Ukrainka, thc most infceted variety.

Thus, one can arrivc at tho conclusion that the greator the sus-
ccptibility of the variety, thc less nocuois is thc virulcence of smut
which has pagscd thfough thé givon varicty. So, thc corrclation cocffic-
icnt ¥ _  0.91 ® 0.08, i.o. tho rcvorsiblc corrclation, is sharply
pronounced and has been fully provod mithematically.

Thus, if tho cyclc of smut develdpmont was consummatced in a rosistant
varicty,. then its virulcncc incrcascs. Such a rule, proved cxperimentally
in thc casc of stinking smut of wheat, undoubtedly is truc also with
rocspeet to causal agents of other plant discascs.

An adoquatec adaptation of the parasite to varicties i§ one of the
rcasons for the apparcnt "loss of resistancc by a wvaricty", "Apparcnt"
- becausc in the given casc, the phonomcnon taking placc is of a differcnt
ordcrs the varicty can fully rctain its resistance, but the reproduction
of thc rosistont varioty will contribute toward an accumulation of a
more virulent parasitc in thce surrounding arca.
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Krivykh, F. P.
Pochva s Parovogc Polia kak Bak terial'noe Udobrenie

[Soil from Fallowed Field as Bacterial Fertilizer]
Doklady Vsesoiuznoi Ordena Lenina Akddemii
Sel'skokhoziaistvennykh Nauk imeni V, I. Lenina

Gosudarstvennoe Izdatel'stvo Sel'skokhoziaistvennoi
~ Literatury :
Moskve, 1954, Vol. 19, No. 2, P.16-20 20 Akl

SOILS FROM FALLOYED FIELD AS BACTERIAL FERTILIZER

(Submitted by the Plant Breeding Section of the All-Union
Lenin Order Academy of "Agricultural Sciences named for
Vala Lenin)

The modern Michurin teaching concerning plant nutrition is based on
the close inter-relations between higher green plants and soil micro=
organisms. Cultivated plants cannot develop normally when they lack
the appropriate microflora. At present, it is established that each
species of higher plants has its specific, coresponding groups and races of
microorganisms. It has 1léng been known that a fallowed field is the best
predecessor of many crops. There is no doubt that here favorable con=-
ditions for plants are crcatcd not only by means of water and food
rescrves, but also by variation in the qualitative and quantitative com-
position of microflora. A fallowed ficld contains considerdbly morc
microorgenisms than virgin soil or a potato ficld (tablc 1).

Tabilc l.

fimount of bacteria ( in millions per gram of absolutcly dry soil

PR )

© 0N unfertilized FALLOW coeeseececsesescenns 1641
. - P - - e e e - - ;
" POotato FICldieeseeeanrerennecncennnenens | 1106

"

VIrEIn S051itseeeeeearesensenasesnnannnes| 723
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The numbors cited show that the afmount of bactoria in virgin soil is less.
than half that on a followed plot. It must also bec notcd thoet the )
activity of acrobie bacteria procceds morc intensively on a fallowed plot.

. Not only thc numbcr of microorgonisms decrcascs in virgin soil, wastc
land, and in thc layor under perennial grasscs on structurcless soil, but
their activity, too procceds in a dircction other than that in a fallowed
ficld. Tho introduction of soil from fallow cffccts o rapid chan.c in ths
composition of microorgainsms and, thus; causcs that inhibit the normal
development of plants can be eliminated.

For the purposc of ifivestigating this problem, virgin soil was
plowed on August 25, 1949 A4t this timo, the biological processes in
soil woré alrcady coasing. Sceding of winter ryc was accomplished the
samc day. The cxpeorimental scheme was: 1) control; 2) tost plot forti-
lized with supcrphosphatc; 3) test plot fertilized with soil from a
fallowed ficld (calculated at 4 contners per ha) and with suporphasphato
(2 ¢ por'ha). Tho fortilizers werc introduccd into the rows togcther with
the sccd.

On thc fortilized test plots sprouts appcircd on Scptember 1-2nd,
yct on thc control plot only on Septomber 10th. Besides, most sceds on
tho test plot produccd no sprouts whatcver.  On Scptomber 14, when gormino-
tion was ovaluated, it was found that tho test plot fortilizcd with soil
‘from thc fallowed field had produced 252 plants per square mectcr, the
test plot fertilized wi th supcrphosphatc, 140, and thc control plot
only 56. Thc sprouts on thc control plot weorc characterized by poor
growth. The following yoar,.only thc plants on the tebt plot Fertilized
with soil from the fallowcd ficld dovcloped normally; [Bcgln P. 171
they flowercd normally and produccd sccd. On the other test plots,
ryc developod poorly, it menaged to flower, but producecd no sccd. -

Evaluation arc citcd in tabile 2.

Tablo 2.

. s R ]
Variant Woight of plonts @ Hoight of
' ‘ ' lfrom 4 m2 in plants
lair-dry statc | (in cm)
l (in gr)
____________________ }
CONtrOLlaeeneeesennnnenansen 1 186 78
Test plot fertilized with supcrphosph&to i 324 : 91
Tcst plot fortilizéd with $0il from.:. .., 1368 : 1116
fallowed ficlde.eeavan T IR S I
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On the test plot fertilized with soil from the fallowed plot; plants
P dcvcloped much better than on the control plot. Fortilizing with super-
phosphatc changed the situation but little. '

~ This cxperiment conviced us of the cxpedicney of utilizing soil
from a fallowcd ficld as bactcrial fortilizor. In subsquont cxporiments,
ficld germination of sccd incrcasod considerably’end plants dcveloped
better when soil from a fallowed ficld was added.

Spocial cxperiments conducted to tecst the cffcctivencss of the
opplication of from a fallowed field upon ficld goermination of scod (soil
was introduccd together with secd) have shown (tdblo 3) that in many
cascs it can incrcase by 14 and cven by 20%

. : : | Tabloc 3.

- " Scedlings | Diffor- Lvcrage
Crop and !frcm 6800 | cnco ficld ger-
varioty Veriant : sccds mination
| ! (in %)
Txperimont 611951 ! ;
. Udarnitsa wheat | Control.secea... 476 ; 78
With introduction of o :
soil from fallowcd ficld.. 504 28 84
Sibirskii flax |Controliicescecesosas 383 : 63
With introduction of 55il - : '
from fallowud flCld.-.... 463 80 77
Tulunskow mil- Control.................. 380 ' 63
lot 39/9 |With introduction of 50il §. .-
from fallowod ficld...... 473 93 76
Foxtail millot | Combroleeeseessscacnensss |- 311 52
With introduction of " §0il ‘ ‘
from fallowed ficld.e..... 413 102 69
Experiméit-of 1962 """~
Tulunskoo millothControleceeeaceveisannsee 275 - 46
39/9 With introduction cf $§6il
L "~ {from fallowed ficld ..... 310 35 52

. *F. P« Krivykh. Probicm_of Girmination of Sood. Zhurn.- Scloktsiia 1 ’
Scrcnovodstvo™ No.3, 1953.
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To incrcasc the biological activity of 30kl taken frow a fallowed ficld,
' bactoria-breeding nurscrics wcre cstablished. On small plots mefsuring '
200=300 m©, 500-600 tons of mamirc werc applicd according to per-hectarc
" . ostimntes; it wos plowed under snd the plots werc maintained in a stdte of
’ purc fallow, with plowing being ropeatcd 3-4 times during the summer. “In
the summer the manurc decomposcd into & chornozomelikce mass. [Begin P. 18]
The following ycar the soil from the nursery was applied as a fertilizor
for grain and other crops. This soil containcd not only o large amount of
nicroorganisms, but was also richer in nitrogen, phosphorus and potassiun.

Bacterial nurscrics mudt bc cstablished cither near cattlc yards or ncar
the ficlds to be fertilized.

In the first instancc, the dosage of manurc fertilizer can be incrcascd
to 1500-200 tons por ha, utilizing thc nurscrics as manurc storage (the
manurc is applicd at intcrvals).

If nurscrics arc organized ncar the ficlds to be fertilized, then

menurce can bc applicd at the rate. of 200 to 500 ton per-hcctarc. Onc

heectarc of the bacterial nurséry can producc from 1 to 3 thousand tons of

soil to be used as fortilizer. The anount of fertilizer derived foarn onc

heetare depends on the depth at which the soil is taken - the arablc horizon

from onc hcetarc weighs about 3000 tons. The manurc appliced must be plowed
. in and harrowod immodiatcly, and later in summor, thc bactoria-brecoding - °

nurscry must be kept in 2 mellow and moist condition (with 4-5 trontmonts).

The nurscry can be cstablished cithcr in the fall or spring. In wcll
preparcd mursery soil, the finnure nust decompose complctely and turn into
&. mass rescrbling chernozen. )

We arc citing some cxpcfimcntal data of thc Irkutsk igricultural
Institute, the Balydoev Experimental Station, and partial data of industricl
cxpcriments. ' '

Experiments of thc Irkutsk iigricultural Institute. Soil from o
fallowed ficld and from the bacterial nursery was applied for wheat; boerley,

oats and potatoes. Data on productivity arc cited in tablc 4 (in contners
per ha).
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Tabloc 4.

Variant 1952 1953
Whoeat after| Barley after ! Oats | Oats after
pcrennial potatocs after | potatoos

grasscs ' - pota=
““““““ St o toés |
Control.. ... . ... | "15.53 13.35 26.25 | 27.60
ith soil from fallowdd ficlad” " i )
2 tons por hieieecensaasase 15.22 ©16.22 - 29.81
With soil from nardéry """~ °° T . _
2 tons poer ha....iiiiecanse "15.83 ‘18,19 - 31.45
Samc, 20 tons per hovieeeaaaes - - 37.09 --
V1ith humus, 20 tons por ha.... 16.68 18,51 33433 -

In the exporiments cited all fertilizors were appliéd in pre-sccding
tillage and were plowed under with gooscfoot cultivators.
soil from o fallowod fiecld produced an inercasc in yicld in all &ascs; tho

Application of

strongest action was oxcrted by scils from the bacterial nursory.

-

Tablo S
® :
1952 i , 1953
Variant * Potato Incrcasc Potato Incroasc
yield (1n ¢/ha)] yielad (in c/h&) '
(1n c/ha) (in c/ha) :
Controlececeessanes cesnans 1770 = 205,44 -
With humus, 10 tons por ha 204.0 27.0 219.55- 41.11
“Tith soil from nurdéry; "~ ' . i - i
10 tons per hal...i..3s 238.0 61.0 245176 . 40.32
Samc 4 Pphosphorobacterin.. - - 269210 63.66
Phosphorobacterin - - 223.02 17.58

#Fortilizors were applied in holes whon potatoos‘wcrd plantcd.
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.

In oxperiments with potatocs, thc best rcesults werc also obtained
when bacterial nurscery soil was-appliced, and when potato”tubers werc given a
supplemcntary troatment with phosphorobacterin (table 5).j

Experimcnts of the Balydacv Exporimental Station. At the Balydacy
Expcrimental Station, activated soil from a fallowed ficld was used in
1951. For this purposc, thc soil was kcpt in a moist and loosc stote in o
warm compartment for scveral months, and then applied in prce-sccding disk-
ing of scil. The oxperiment was conducted on a” timothy bed [for wheat].
Rosults arc cited in tablc 6.

Toablecec 6.

D

Wheat Incrooasc
ariant yicld (in c¢/ha)
' (in c¢/ha)
Controlicaasseiescaenssnsnnssoanannn 2417, T
ith manurc, 40 tons per ho...eces 28,14 3.97
*lith soil from fallowed ficld, 6 36AtAGFS pef ha 30:04 5:87
7ith soil from nurscry, 6 c¢/ha...... csetesanenan 30.24 6,07

The 1952 and 1953 cxperiments produced loss fa¥orablc Fesults, but the

in creasc in“the yicld of wheat was, nonctheless, 2.6 and 3.9 centners pe

ha (table 7).

Tabloc7.

1962 1953
Yicld Incrcase Yicld Increasoc
Variant {in ¢/ha) | (in ¢/ma) | (in o/ha) | (in ¢/ma
Controlecescescsoscnaacas 27.9 - 11.13 -
YIith soil from fallowéd ficld” ‘ ) )
1.5 contnor per ha..,...... " - - S 13.72 2.65
Tith soil from fallowed fislda 3 " i
azotobactorineiiiiiiiaieeaaaaas -—= - 14.23 - 3.10
Tith soil from nurscry, 3 c/ha: 30:5 2.6 -—— -
" " " " 6 c/ha: 30:7 2:8" ——— -
" " " " 20 ¢/ha. 31.8 3.9 - --

Here, too, thc application of soil from”thce fallowed plot combined
with azotobacterin produced the bost results. '

Vory good rcsults werc obtained 2lso whén sceds werc #roscted with =
liquid sclution of soil from a fallowed plot.
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Trcatment of sccd was carriecd out as follows. For cvery 100 kg of
sccd 1-2 kg of soil from a fallowed ficld was uscd; this soil was disolved
in 30 liters of watcer and tho solution obtaincd was uscd to stecp the sced
(the samc as it is donc”in a casc of vérnalization). Aftor 24 hours, the
scced was dricd and sown., The rosults arc cited in tablc 8.

Sced troated with a sclution”of soil from & fallowod ficld produccd
a yicld increasc of 3.16 centnors.

Lnalogous coxporiments conducted at the Irkutsk Agricultural Insti-
tute confirmed the prospects of this method. ’ ‘
Experiments on kolkhozes {Collective farms], 1In 1951, dgronomist
V. Azhunov of the "Put' Ilficha" kolkhoz, Baiandaev aimak*, used granu-
lated soil from a fallowed plot to fertilize spring wheat séeded after” :
winter rye in a field plowed in the autumn for spring crops. '[Begin P. 20].

The soil was used as fertilizer in pre-seeding tillage at B8 centners
per ha., On the control plot, he obtained a yield of 16 centners per ha,
yet on the plot fertilized with soil from a fallowed field, 20 centners per

’ h.a. ' '

In 1952, tovarishch Anan'ev, initiated an analogous experiment with
spring wheat of the Liutescence 62 variety. On the "Komintern" kolkhoz,
Kuitun Region sédil was taken from farm fallow and applied under pre-seed-
ing cultivation. The results of these experiments are cited in table 9.

The data cited show that particularly good results were obtained )
when PX [potassium phosphates (7)] was added to soil from a fallowed fikld. .

Table8
Variant Wheat yield
: (in c/ha)
Control (dry 566d)evevesroevioriiioiiiis: 28105
Sced treated with pure water....vviseescies | 26.27
Seed treated with solution 6f 8§61iI1 17100103 -
from fallowed field..veieacracensansnncas 31.21

[*Localism for "region".]
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T'able 9.
’ R T Yield = | Incroase
' : (in ¢/ha) (in c/ha)
Varlant . ‘
Con'trol---...... ooooo IR . - 14:50 . —
With soil from fallowed field 2.5 tons per ha| 17750 - 350
With humus, 10 tons per ha } 16500 1:50
With soil from fallow ficld, 2.9 tons/ha+ PK 19.75 5.25

CONCLUSIONS
1. Soil from a fallowed ficld can be utilized as bacterial ferti-
lizer. Such soil exerts a favorable influefice upon plants, thanks to the
requircd groups of microorganisms within it. Small doscs (4-6 contners ).
of such soil sccded tdgether with scod considerably increcase the yicld of
grain and othoer crops. ) '

2. The effcctivoncss of soil from a fallowed ficld inercascs markcedly
if it is first cxposcd to warmth cither in a warm chamber or in thc sun for
scveral wecks,  Hence, it must be takcn from fallow locatcd on southorn

slopcs which arc cxposéd to warmth, from plots rlch in organic substances or
fertilized with manure.

3. Soil from a fallowed ficld cannot bo compercd with other bactcrial
fertilizers, it must rathcr bc uscd to supplement others. The combined use
of soil from a fallowcd ficld and othcr bactcrial prcparations is morc
cffeetive than their application scoparatoly.

4, TFollowed soil prodiccs the bost cffcet when it is introduccd in
the soil togothur with sced. When it is applied with 2 cultivator, then the
amount of soil por hcctarc mist be inercascd up to 2 tons; it'is bost
plowod undcr with disk tools..

5. Soil from o bactoria-brcoding nurscry is most cffcctive becausce,
in addition to a largc amount of nccded microorganisms, it contains meny
nutritive substances casily accosible to plants. Thercforé, the cstab-
lishment of such nurscrics must be considorced as cxpedicnt.

Irkutskii Sol'skokh021alstvonny1 ' Roecived a2t editorial
Institute ‘ «. y coffice

. January 19, 1954

eclassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0




Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0

(1) . Trans. A. 529
Ffom the Russian by

‘ ' o - : : R. Adclmen _

PIANT PHYSIOLOGYY. 5X49

- - - -

Metskov, F. F. and Podrazhanskaisa, B. S.
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Stimuliatory Poste kak Mikroudobreniia, -

LY
-~

{Growth Stimulants as Micro-Fortilizors].

Doklady Akadcmii Nauk SSSR, Apr. 21, 1954
Vol. 95, No. 6, P: 1329=1331 - 511 P444A

GRO'TH STIMULANTS AS MICROFERTILIZERS
Submitted by Acadomician A, L. Kursanov

February 26, 1954

In experimcnts conducted in 1948-1950, it was dcmonstrated that in-
' troduction in soil of very small amounts of somc organic growth stimalat-
i ing substances, such as hetorofuxin, a-naphthyl acctié acid (AHY), 2.4-
dichlorphcnoxy acctato acid (2.4-DY), in doscs from 0.1 to 0.001 mg pcr kg
of soil, incrcascs considorably the yicld of the dry mass of plants (1).
In addition, thc cxporimcnts of 1950 rcvealcd thot introduction of growth
stimulants (together with microfortilizors) into soil furthers the growth
and the devclopment of the root system of plants to & higher degrcc than
their sarface parts. We cite the rcsults of some of thesc cxperiments in
table 1. : ‘ :

-

Tablcl.

Rosults of experiment with oats in Rotmistrov's boxcs (plants harvestced at
50 days of lifc) _ !

Experi-~ . Height of {Length Weight of dry 1t “eight of dry Total woight

montal surface tof roots |mass of sur- mass of roots of dry mass .
variants organs 'in cm face parts : ' of plants
in em ) '
_ _ e |7 Vet [ R e L
i {
NPK 75.6 50.5 10:90 ; 100:0 4.34 100.0 ; 152241 100:0-
NPKrAHY* 91.0 62.5 12.26! 112.4 5.26 121.9 17.52 { 114.9
NPE+hctcro- . - < - - 1 - * LT
' auxin 87.0 57.0 L122801 11734 518 § 121.6 17.98 § 118:1
NPK-2.4-DY. 87.5 -1 65.0 ;11.80* 108.3 | 5.30 {.122.1 17.104 112.2
’ ) i { S . e

*0.1 mg por kg of soil.
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1

Tablc 1 shows that mixing & microdosc of AHY with NPK incrcascd the
weight of tho dry maess of surface orgins of 50-day oat plants by 12.4%,
and the wecight of their roots - by 21.9%; under the influcnce of hetero-
auxin; the weight of tho dry mass of surfacc organs and roots”incrcascd
b§ 17.4% and 21.6% respoctively, and undor the influonec of 2.4-DY - by
8.3% and by 22.1%. .

Thus, on the basis of our thrco-ycar oxperiments, wc can asscrt that
the cffectivoness of mincral fertilizers incrcascs, if small doses of
stimalating chemical preparations arc applied together with fertilizors.

We worc unable to asccitdin how long stimulants introduced into soil
continuc to oxért action, i.oc. remain active without undergoing further
transformotion. Sceking ah answer to this question, we initiated an ox-
pcriment with oats in 1951. ’

‘Back in thc fall of 1950, vegetative containers werc filled with soil
(4 xg to a container) to which (pursuant to thc experimental scheme) a full
nutritive mixturc (NPK) in Prianishnikov's norms was addcd simultancously

with an admixturc of microdoses of growth stimulants [Begin P. 1330]

(hoteroauxin AHY and 2.4-DY) - at 0.1 mg per kg of soil. Somc of the con=
tainers wore filled with purc soil. All containcrs wore divided into two
groups, ohc of which was kept in & littlc cold vegctation house until
spring (i.c. at tomperturcs below zero), ahd the othor - in & warm green-
housc wherc temperaturc was -kopt at 15-17°,
In the spring, thc containers were "refilled™, i.c. the soil was re=
moved from them, looscned, moistcncd and roplaccd in the same containcrs.
In so doing, mincral fcrtilizcrs (NPK) with an admixture of microdoses of
growth stimulants werc added to the dontainors which hed bcen filled vi th
puro soil in the fall, as prescribed. From thc deeription of the experi-
mcntal schemc, it is cbvious that our objcetive was to compare the action
of growth stimulants addcd to the soil in the autumn with the action of
thosc added in the spring. In addition, wc wanted to obtain an answer to
the qucstion as to how growth stimulants will alter in soil left for 5-6
months undor conditions of negative temperaturcs {when microbiological

' processes do hot function), and under conditions of room tcemperaturé wheh

growth stimulents may bc subjccted to the action of soil microflora.
The results of this cxperiment are summed up in table 2.

Analyzing the data in table 2, onc can draw thc following conelusions;
the different growth stimulants used if the cxperiment changc during a
prolonged stay in soil in various ways. Factors of temperature in pro=-
mises where soil containérs with added growth stimulants arc storcd, excrt
much influcncc upon them. ‘ '
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Lot

Heteroauxin introduccd in to the soil in the fall, obviously, disap-
pcars almost complctcly by spring of the following ycer, and, therecforc, it
décs not exert its inhorent positive action upon the plants, 1In contrast,
2.4-DY, if added to soil in the f£d411, acts on the accumulation of organic
metter by plafits cveon botter (#19.8%2) [Bogin P.1331) than if added in the
spring (48.7). . o

It is tru¢ that the yicld of grain is higher, if 2.4-DY is addcd to the
soil in spring. As far as AHY is concerned, its stay in soil during thc
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- (4)

T,a-b l,e 2;

Influence of séason and conditions of .demicile of grdwth stimulants while in ~
soil upon thier activity (results of vegetative experiment with oats in 1951).

Weight of Teotal weight

( i Season, Storage |(Height of TWeight of
Ferti- when | place of } plants " dry mass  dry mass of dry mass of
lizers ferti-! contaih= in cm - of straw of grain plants
' lizers | er in gr % | gr % gr %
! added winter
NPK WFAll Veget. 101.5 8.25) 100.0} 6, 18" 1@036@14&40§Q;%oLm0010=,
(Sep.30{ house i
1950) - ) : ”
NPK+AHY | Same Same 112.0 $10.104122.4{6.00 | 97.7; 16.1040.00]118.8
NPK+ — S i . -
2.4-DY " " 107.0 | 10.50{127.3}{6.75 [109.8! 17.25%0.95!/119.8
NPK + -
hetero- - - - - . ' )
auxin " “ 112:0 | 8317| 99:086:57 |106.8! 14:7410:74[102.4
NPK Spring " 111.0 10.85}100.0k8.05 }100.0 18.904+0.70;100.0
(Apr.30 '
1951) - - e o - -
NPK+AHY | Same " ] 118.0 |13.15{121.2{9.25 |114.9{22.40+1.00!/118.5
NPK+ | - S - - -
. 2.4-DY | " u { 108.0 11.054101.8{9.50 |117.9| 20,55+0.78|108.7
- NPK+ i ]
Hetero-; - B B -7 -
suxin | " u 11230  §12:182]118:2]9:45 |117:4{22:27+0192{117.8
NPK f Fall Green- 1 100:0 + 7.171100.015:40 {100.0{12.5%0,12}100.0
’ Q(Sep.SO house 4 1 . ¢ | :
% 1950) - - - -
NPK+AHY! Same Same 108:5 | 9I70{135:3|7:27 |134.6]16:97+1157|135.0
'NPK - Spring " ]110.0 |11.35(100.0{8.22 |{100.0i 19.55+1.07 {100.0
I (Apr.30 . ; i
j 1951) ' - | - - - - -
NPK-AHY¥; Seme | - " { 110.0 {»4.17 122.0{10.03}121.9} 24.20t0.45!123.7
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winter (under conditions of the little vegetafion house) did not result in

its complete disappearance, but it decréased considerably its positive

action upon plants seeded in the spring. This was particularly pronounced
in the case of grain yicld.

Keceping soil to which AHY has been added under greenhouse conditions
does not feduce the posltlvc action of growth stimulants upon oats sceded in
this soil.

Conclusions concerning the duration ‘of action of growth stimulants
added to soil in the fall aré not final, since they are based on cxpori-
mental date of one ycar only.

Received
June 29, 1953
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SUKHOV, K. S. ‘

: Virusnye bolezni Sel'skokhoziaistvennykh
] Rastenii i mery bor'by s nimi

[Virus diseases of agricultural plants
and measures for their control]

W

Izvestiia Akademii Nauk SSSR
Seriia Biologicheskaia, Moscow, 1954
49-61 ‘ 511 Sa2B

VIRUS DISEASES OF AGRICULTURAL PLANTS
AND MEASURES FOR THEIR CONTROL

In the light of decision adopted by the September Plenum of the
g Central Committee of the KPSS [Communist Party of Soviet Union] on
" measures for the advancement of agriculture, improvement in agricul-
tural plant protection against diseases and pests assumes great
importance. )

A significant place among the diseases of . agricultural plants 1is
held by virus diseases some of whiéh are distinguished by wide dis=-
tribution end great perniciousness. Most of these discases have
been well investigated by Soviot virelogists. However, the practical
measurcs for their iradication, or restriction of their injurious
action, suggested at various timés in native literaturc, havc not

“always becn utilized in industry. In conncetion with the above, therc
ariscs a nocd to study this problem at the prescnt time, focusing
perticular attention on the thcorcetical basis“of control mecasurcs
rccommondcd for the principal virus infcctions.

Virus discascs of agricultural plants, thc control of which is
of grcat ¢conomic importancc, arc the followings .

i,

1) For tcchnical crops - control of tobacco mosaic, crown
chlorosis of makhorka [Aztcd tobacco], loaf curl of cotton;

2) for ccrcals = pupation of oots and mosaic of winter whoat;

3) for fruit crops = psorosis or pooling of bark of citrus plants;

.} " 4) for vogctablc crops -" stolbur" of tomato¢s, pcpper and cgg-
i plant; moscic and "streak" of tomatocs, mosaic No.2 of cucumbors;

-

5) for pStatves =-"stolbur" wilt ond wrinkled mosaic, or strcok.
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The causal agents of thosc discascs arc differont viruscs
whosc biological characteoristics detorminc to"a considerable cxtent
the cpiphytological charaoter of cach discasc. Henec, conditions
for the devclopment of diffcront virus discases of agricultural
| plants arc dissimilar, and mcthods for their control must be changoed
B accordingly. The biological difforcnces of the agricultural crops
themsclves are no loss important, and their propertics of iMmunity
or rosistancce to virus discascs often dotcrmlno‘tho outcome.

Knowlcdge of the biology of thc causal agent of discasc ond of
the agricultural plant which it attacks helps to find means for
dcercasing substintially the loss causcd by dlsoasc, and to in-
‘croasc the yicld.

The investigation of tobacco mosaic conducted by D. I. Ivanovskii
at thc closc of tho past contury initiated rescarch in a now spherc of
biology - thc scicnec of "filtrablc virusos. Having made the grootest
thcorctical discovery, D. I. Ivanovskii at the samc time . took great
pains to dcvclop mcons that would aid in the control of discases
which greatly impaircd the quality of raw tobacco. He accomplished &
grcat dool in this respeet: an accurate dingnosis of the disecse
was worked out, the sprcad of infcetion through contact was as-
certaincd, [Begin p. 50], and it was demonstrated that the first

. casces of infcetion could be caused by rotention of infectious romains
in the soil, which indicatod thc nccessity of introducing tobacco
into crop rctations. It was proved that infcction was not trans-
mitted via tobacco sced.

It can be said in substoncc that D. I. Ivanovskii costablished
the main clenents of the epiphytology of tobacco mosaic and deter=-
mincd the principal mcans for its control vwhich have lost nonc of
their improtancc up to now. This tradition of combining theorctical
investigations with the practical €nsks of agriculturc is characteris-
tic a2lso of modern Soviet virology.

The All-Union Institutc of Tobacce and Mokhorka (VITIM) continucd
to devclop mcthods for the control of tobacco mosaic in the ninctoen-
thirtics; horc, the most importont rcsults werc obtained by I. P.
Khudina.

. Thc biological characteristics of the virus cousing this discasc
' complicatced its control. The virus of tobocco mosaic is distins
guished by an unusually high degrec of infcctiousncss dnd by very
strong rcsistancce to unfavorable action of cnviromnment. Light con-

’ tact of o person's honds, soiled with infcetious sap, with the lcavcs
or stecms of healthy plants cousing micrcoscopic wounds, is cnough to
cnable the virus to ponctrate into cclls and to cousce infection.
Having cntered the!injurcd cclls, the virus nultiplics, spreoads

. threough the adjacent cclls and the vascular systom, and then pence

' trates all orgons of the plant. Honee it is naturnl that troume
producing mcthods such as thinning of scedlings, planting sccdlings
in the filed, brcaking off suckers and leaves facilitate the repid
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sproad of the wirus cvon if infeetion nidi werc few at the boginning.

Original cases of infcotion might bo duc to penotration of -plant
roots by tho virus from soil containing infoctious plant remains.
As a rosult of growth movements, opidermal root cclls arc likcly to
be subjeet to slight injury causcd by hard particles of the soil;
this, toc, crcates opportunitics for infcetion. Although the virus
that has onctercd the root usuclly romains thorc without penctrating
the surfacc parts of the plant, there, noncthcless, dro known coscs
of a root infoctisn having turncd into a gencral ono. Infeoction by
contaminatod soil occurs mostly through the coptact of soil with
thc lower leavos. The most frequent source of first infoctions is,
howover, men himsclf who tronsmits the virus by hand. It sufficcs
to say that thc virus is proscrved in smoking tobacco, and that tho
- hands of the smoker may always bo soiled with it. Utilization of
imploments that had already beon in use, for instance, hothousc
fromos, baskcts and boxcs for the transpertation of secdlings to o
ficld, is apt to infcct a certain numbor of plonts, unless the
implements had been disinfeeted. Infoctien contacted from these
first sourccs is later sprcad by the hands of workers. '

The charactoristics of cpiphytology of tobacco mosaic cited

mokc it clear that the main offorts in rcducing this discase must
' be concontratod on prophyloxis. Honco, the principal task involves

- ncutralization or destruction of infoction nidi. This can be
achicved by the introduction of tobaeco in crop rotations @nd by
disinfcction of cquipment with a solutisn.of formalin. If the
discasc has sprcad but littlo, Aot over 2%, then the infccted plants
arc reomoved from the plantation. '

The most important positive rosults in mosaic contrel arc ob-
taincd by dovelopmont of resistoant varietids.” In this respeet,
rccogniticn is duc the VITIM brocder, Prof. M. F. Ternovskii (1950).
As o rosult of crossing Turkish tobacco with Nicotiana glutinosa and
of subscquent bock crossing of thc hybrids with tobacco, hc’ob=
tained varictios which have inhorited virus immunity from N. Glutinosa.
Recently he obtaincd a scrics of rosistant varioties, by intra-
varictal vegotative hybridization (1951). Resistant tobacco varictics
worc obtainod by the samc mcthod ot the Iastitute of Genotics,

Academy of Scicncos, USSR (hgapova, 1953). By cxtending the aroa
under immunc tobacco varictics, mosalc infocticn will finally be
ovorcomc. This is not the first virus discasc [Begin p. 511 the
eradication®of which on a specific crcp is a task to be rcalized in the
ncar futurc. : . :

Tobféieco mosaic is onc of the first virus discascs subjoeted to
rcscarche Othor virus discascs have beon identifiod cnly rccontly and
somc have not yot beon diagnoesed. Thercforc it is not surprising
. thet the urgent toask of dotermining the noturc of & now discasc |

named top chlorosis and sprcad in some rogions on makhorka plantations
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has arison comporativcly rccontly. A. i. Popova was tho first to
doseribc this discasc and to domeonstratc its infoetiousncss. To
dovclop mcasurcs for its ‘control, it wos ncecssary to investigate’
the causal agent of the discasc and its moans of spread in naturc.
For this purposc was organizcd & complox investigaticn of the discasc
in‘which tho Institute of Gonotics, Akadumy of Scicncos, USSR

(K: S. Sukhov), the All2Union Institute of Tobacco and Makhorka

(S.E. Grushevéiand T.M. Matveenko), the Moscow Station of Plant
Protection (G.M. Razviazkina édnd L.A. Butsevich), and the Lokhvitskaia
Experimental Base of VITIM (A. A, Popove and P. M. Diadiuchenko) were
perticipating. '

With the aid of an electronic microscope and filtration of

infected juice through bacteriological:filters, it was established
" that the causal agent was a filctrable virus with particles of &

spherical form measuring about 45 milomicrons in diameter (rig. 1). )

The disease transmitter, tobacco thrips, was established concomitantly.

This helped detormine the naturc of tho disease and to characterize

the Basic cpiphjtdlogical clemontd in the first’ycar of rescarch

(K.S. Sukhov, G.M. Razviazkina, L.A. Butsevich). Clear oricntation

as to the devolopment of protcctive moasurcs was obtained in the courso

of thc samc work. Onc of thosc measurcs is thc chomical method of

-

‘ dusting mekhorka plantings with DDT dust, and of introduding Bcnzino

 héxdohlorido [GKHTSG] into thc soil, undor mokhorke (S.E. Grushevoi,
T.M. Matvoonko, A.A. Popova). '

At prcscnt, top chlorosis of makhorka is one or the wcll in-
vestigated discascs. Tho control method devcloped is uscd widely in
industry dnd produccs cffcctive rosults in raising the productvity of
this crop. :

In the ycar 1953 thc author of thc proscnt articlc and G. M.
Rozviazkina cstablished also thot thé tobacco discasc known by

_the namc of "virus top doformity" (S.E. Grushcvoi, 1951), was
identical with top chlorosis of makhorka. Thus, the information
obtaincd conccrning the conditions of dovclopment 'of the disocasd
cpiphytosis on makhorke can bc utilized also in tobacco culturo.

Chemical control of thcearrior of top chlorosis - tobacco
thrips - is fully cqial to the task of climinating thc scrious in-
foction of this crop. But this spceinl measurc must dgfinitcly bo
combincd with agrotcchnival practiccs increasing plant rcsistance to
discasc. In this rcspcet, splondid results have been achioved by
loadihg tooms of workers of mekhorkd. gfowing sovkhozos and kolk-
hozecs. For instancc, thc toam of M.IA. Fcdorenko, hero of socinlist
work (1952), harvests up to 85 contnors of mokhorka per hectarc by
using thc ontirc complex of control moasurcs against top chrlorosis
and suporior agricultural procticos. This indicates that the first

. rcsolution of thc control problem of top chlorosis of makhorka has

been satisfactory. -
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In the yoar 1936, D.D. Verderdvskii described leaf curl, 2
virus discasc of cotton in Turkmcn. Lator this discdso was discovércd

also in Azorbaidzhan where it was studicd by S.N.' Moskovcts {1951).

The discasc manifcsts itsclf in sharp deprossion of plant
' growth, in lodging of thc amin stom aAd in lcaf curl. The damags

causcd by tho discesé is considorablc. Cotton yicld of discascd
plants drops-shorply. There is a 50% rcduction in thc numbcr of
pods, thc tcchnologicul qualitics of the fiber - lcngth and strength -
arc impaired, and so arc tho propértics of sicd - absolutc weight, -
gorminotion cnergy, and sprouting. [(Bogin p. 521

A ‘small perccntage of tho discasc is transmittoed by sccd.
Its chicf mcthod df spreading is, howover, transmission by mclon
and cotton aphids. Pocrmoncnt virus sourccs in naturc are susccp=
tible wceds, for instancc, mallew and rapc on whidh cotton aphids
frequently scttlc in mass. (D.Ds Verderevskii, S.N. Moskovcts ).

Clarification of the basic foctors of the sproading and develop-
ment of thc discase made it possible to work out a complex of
measurcs os a“rosult of which loaf curl no longer causcs any scrious
loss:in yicld. The solution of thHis problem is onc of thc indicators

‘ of thc succecss of Sovict virology.

In overcoming thc harmful action of discasc, sclcctiof of ro-
sistant cotton vorictics porformed on important reole. F.M. Mauer
devcloped Azl, Az29, 2966-1, and other varictics distinguishcd by
a high degrco of rcesistance to lcaf curl. Thesc voricties aro
particularly valuable for their high rcsistance also to the widce
sprcad bacterial cotton discasc - Gummosis.

hgrotéchnics arc of groot importance in maintoining cotten
rosistance. In'o rogimé of mincral nutriticn of cotton in the rogions:
of discasc distribution, an important rolc bclongs to phosphorus
fertilizors. Phosphorus is introduccd in soil during fall plewing and
again in supplomentary focding. To cnsurc a steady decreasc of
virus rescrves in cotton growing rogicn$, thc dostruction of carrier
aphids and weeds is of great importance.

In our country corcals arc atticked by two virus discoscs -
pupction and rcsaic of wintor wheat, = Tho distribution of thesec
discascs vary. Pupaticn occurs chicfly in Siberia, Mostie in districts
of thc Voronczh®arid Rostov Regidnd. Both disocascs have beon thdroughly

investigntéd (X.Si Sukhov and A.M. Vovk; V.K. Zazhurilo and G.M.
. Sitnikova). ‘
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Pupation virus attacks mostly oats, yet at times grave epiphy-
totics arc noted on wheat and barley. Rye is practically immune
to the disease. In nature, the main rcservoir of infection is’ the
dark cicada - Delphax striatella. The virus rcmeins long in the organ-
ism of this inscct which spends the wintcr in the nymph phase.. Aftor
developing wings in the third docade of May [May 21-31], the dark
cicada migrates dnto sprouts of cereals and selectively concentrates:
.on those-of oats. Sproading of infection occurs this time. Following
the hatching of eggs, the ovirwintered gencration dics off. Part of
the sccond goneration remains in the same ccorcal ficlds, yct part of
it migratcs onto tho young crop of late spring millet and oats sceded
after a2 mixcd forage crop. Tho third goncration does not attain
maturity dnd gocs off to spend the winter in the nymph phasc of tho
third agc. Thc degrece of infcetion of young crops on which last
goncration nymphs fced, and théir fumbcr dctcrminc. the ratc of
oplphytotlcs of the following ycar.

-

Diffcrcnt oat varictics arc h1 chly susccptlblo to pupation. In
cascs of carly infoction, oat plaits procccd to tiller inccssently
until fall without forming spikes. In cascs of late infecetion,
tassels dcvelop, but spikeclets as a rulc arc sterilo. Thorc occurs

" an obhormal devclopment of the ovary which protrudes greatly from tho
spikc. Plants infcctod in the stage of sprouting arc a total loss. to
‘ " yicld, they producc neither grain nor straw. ‘

A biological study of thc” pupatlon carricr helped to dotormine
the ncecssary control moasurcs. 4 radical means of cxtermination of
the dark cicada is decop, late fall plowing of all ficlds that had .
been under grain crops in the ycar concerncd. Expcrimonts con-
ducted for many ycars have shéwn that 98-99% of larvac of the dark
cacada pcerish in decp plowing.. A study of the rcelm of pupation
distribution shows that the virus brocds only in those rcgiodns of
Siberia wherce late fall plowing is procticed insufficicntly. 1In
recgions adjacunt to arcas where fall plowing is wide-spread or cven
continuous, pupation is practicdlly abscnt and therc is no mass
roproduction of thc dark cicada.

(A plato inscrted between pages 52 and 537 has illustrations

describod as followss) : :

Fig. l. hgregoto of sphorieal particals of the virus of top

" chlorosis of makhorka. x 9000

Fig. 2. Mbs%io on lcaves of lcmon durlnb psorosis [pccling of
bark

As a control mcasurc for pupation, docp fall plowing mccts all
rcquircmcents that could be made in similar cascs. . This measurc is
cxtremely uscful cven from the vicwpoint of groin crop agrotechnics;
it calls for no spccicl cxpenditurc of labor or funds oxccoding the®
cstoblished agrotechnical quotas, and is c¢fficicnt ot the samc time.
. . The growth of mochanization of agriculturc lcading to steady cx=~

ponsion of ficlds under fall plowing is the rcal foctor in over-
coming the menacc of pupntion. In conncetion with the above, the
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primary task in rcgions whorc this disdasc bocomcs widc=sprcad is the
thorough practicc of deop fall plowing.

In contrast to pupation virus,. thc virus of wintor whcat mosaic
does not survive in the carricr which passcs the winter in thoe”
ogg phasc, but in winter cercals and primerily in winter wheat.
The carricr”of the discose is thé striped littlo cicdda Dcltoccphalus
striafus (V.K. Zazhurilo and G.M. Sitnikova, 1941; K.S. Sukhov,
1942). Dcvelopmont of cpiphytotics of the given yoar was determincd
by the degree of "infceetion on fall sprouts of winter wheat. During
spring growth mosaic plants have a conspicuous chlorotic coloring.
Similar to pupation of ocats, thcsc plants, too, havc boon obscrved
to tiller oxeccssively. Spiko formation is latc or complctcly abscnt.
In discascd plants, thc drop in yicld fluctuatcs from 40 to 100%.

As o rulc, spring wheot is attocked slizhtly. This is cxplained
by tho fact that cmbryonic and postcmbryonic .development of the )
stripcd cicada cnds comparatifely lato, wheh spring wheat is alrcady
in thc phasc of stem formation. In late infcetions, the discasc
loscs its noxiousness to a considerable degree. Henee it is par-
ticularly significant thot spring wheat be planted as”carly in the
scason as possible in regions where mosaic has spread.

‘ As for as winter wheat crops arec concerncd, the incidendec of
discasc can be roduccd by obscrving the following conditions.

- -
¥

1. Sceding on dntes fixed by agricultural regilations. The
carlicr sccding is donc, the hoavier the infoction.

2. Normal rate of sceding. Thinncd crops arc always attoacked more
severcly.

3« Shallow plowing of stubbic of spring crops as -carly as possible
immcdiatcly after harvest; also’carly fall plowing particularly on
ficlds adjacent to vi nter crops. Fall plowing fust bc carried out
befercthe appoarance of sprouts of wintor crop§é. Under thesc condi-
tions a considcrable number of carriers perish,

If the moasurcs indicated arc applicd carcfully, the developmont
of mosaic cpiphytotiecs can bc cut off to a considorablc degroo.

In sclcction nunsérios it is oxpcdicnt to treat the young crop
with DDT dust.

In the coursc of soveral yoars lemon and mandarine infeoction

was obscrved on some citrus farms; manifcestation of tho discasc was
noted”in the peecling of bark and in a heavy drop in the productivity of
trces. The causc of the discosc was unknown. In investipgoations |
conductcd at the laboratory of virus difcascs of plants“of thc

. Moscow station of plant protcction (K.S. Sukhov and V.I. Kozlova)
it was identified as psorosis - o virus discasc sprcad in some othor
country. Tho discasec is unique in that the g£rave symptoms appear
after 4 very long incubation poriod lasting from 6 to 10 years and -
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-

longet. Yot tho tissucs of the affected trees become infeeted

carly. The usc of grafting matorial from trocs conccaling thce virus
‘lo&ds to thé &proading of infcetion. A threat ariscs that at the age -
of 10=12, i.c..ot tho timc whefi the young plantation is in a poriod

of high productivity, [Begin p. 54] part of the treos may suddenly”
dovelep discasc and roducc or discontinuc fruition in o short time.

Inasmuch as the only mcthod of spreading discasc under provailing
conditions is budding, thc sdlcction of healthy mothor trees scrves
.as thc most importont measurc to provent infection.

It has, howcver, boon pointed out alrcady that diagnosis by
symptoms on the bark cannot producc results, since pecling develops
latc. Wo werc confronted by the task of working out o methdd of
carly diagnosis-of psorosis under conditions provalont hcro.

It is known fron foreign litcraturc that pscrosis infcction in
citrus trces is conducive to o rather carly cmergence of mosaic on
ncwly developed leaves. This symptom is rcliablo, but it is cphomeral
in thc scndc¢ that mosaic is manifost for a very short time and then

disappoars.
. As a 'rosult of invostigations conducted by V.I. Kozlova, an
applicable mcthod was doveloped for mosaic diaghosis undor our

circunstonccs.

A speéial foaturo cf mosaic in instanccs of psorosis is its
transicncec. Mdsaic is morc pronounced during the spring peried of
lcaf formation. It is not noticed on the youngest lcdflcts, but is
more pronouncoed on thc noxt formation of young lcaves. Mosaic dis=
appears in a fow days, in proportion to the maturing of lcaves.

At thc cnd of spring jrowth, it can no longer be found. DMunifcstation
of mosaic is not obscrved on all the inercment of now vegetation;

it is found moroc frequently only on a small portion-of thc incremont,
sonotimos only on single plants.

"In tho precsoncc of psorosis, tho mosaic pattern is very

.characteristic and cannot bc confused with goneral chlorosis of 2
non=infectious naturc, vhich at timecs is found on citrus plants.
Mosaic appcars in the form of bright littlc bands and is likely to“be
accompanicd by a lighter coloring of thc veins of lowcer formations.
The bright bands.arc scattered over the leaf, or they form a rogular
pattcrn in tho shape of a zigiag-morgin of thc mein leaf vein reminiscent
of thé contour of an oak lcaf. In this case, thc tissues within
thc marzin have o ndramal color, while 2 mosaic coloring is obsorved
on the outside (fig. 2). Frequently circular or semi-circular spots
of the samc coloring as the bdnds or zigzage-shaped lincs aro found
though~out thc mosaic pattcrn. The mosaic pattern is vory ‘dalksate
‘ - and barcly noticable in reflceted light if the leaf structuro is

sturdy. The mosaic is quité visiblec if the lcaf is oxtmined in
penctrating, dlffusod light. Its oxamination is difficult in dircct
sunlight. -

/
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Careful inspection of tirees from which grafting material is
taken presents an opportunity to réject sick specimens and thus t?
prevent the spreading of infection. Diagnosis, naturally, tgkgs into
consideration also symptoms which appear on the bark. Since citrus
bark sometimes bears.injuries in the form of so=-called "vurns" '
caused by sharp changes in temperature between day and night in winter
or in early spring, a distinction must be made also between these
injuries and psorosis peeling. :

In cases of psorosis, the bark begins to change with the ap= ~
pearance of small bulges or pustules which somctimes arc scattered
ovor the trunk end somotimos combincd into groups. In the arca of
pustules thc bark begins to split and its cxterior laycr begins te
soparatc. As thcdiscasc progrossos, the splitting is likecly to
strotch over the ontirc trunk in a continucus hand and to transfor
onto separate branches of the first and lowest formation. The in-
fection inereases gradually. Bark proceeds to come off in the _
form of scales or shreds§. The bark beneath the peeling layers acqires
a brown or yellow color. In time, infection penetrates ever deeper
and finally reaches the wood which darkens and sometimes takes on &
dark-brown coloring. '

[Begin p. 55] "Scalds" present a different picture of symptoms:

.'brown strips form on the bark, then split and come off the wood.

In the course of a summer the lesion is margined by excrescence
resulting from the activity of cembium, and frequently the wound
heals. ' Open wounds marginéd by excrescencé are likely to form in
cases of multiple "scalds®. Such a structure of tho "scalds" dis-
tinguishes them casily from psorosis infections.

Considering the gravity of psorosis as a fector in reducing the
productivity of citrus crops, it is necessary to inspect most carcfully

. and cofitinually the farms situated in regions wherc the diseasc has

spread. Uprooting of diseased but still fruitbearing treccs is in-
cxpedient and unnccessary sinece thorc are nd natural means of spreading
the discasc under cohditions provalent here. Caroful marking of sick
trces becomos morc importent, for it fully climinatcs the possibility
of utilizirig infected buds for grafting. Esscrtial mcasurcs in

- organizing such inspcction is thc inclusion of psorosis in tho group of

D

items undcr observation of thc quarantinc service, and adcquatc
knowlédge of thc diagnosis of tho discasc by citrus growing agrono=-
mists. : '

Virus discascs causc great losscs of vegotable crops. In thoe
still rceont past tho cpiphytology of "stolbur" of tomatocs and other
Solanaccac appearcd to bc an cnigma. Tho distribution of this
discasc 1s in tho“southcrn rcgions of the country wherc it occasions
scrious infoction. Heavy outbroaks arc not inffequont and thon most
plants on tomato plantings prove to bc infeccted. The oxtent of
damago causod by the discasc is detcormined by a sharp incroase of
storility in flowors which turn grcon, as well as by thé lignie
fication of the pulp of fruit which renders it incdibloe.
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Tho rapid growth in “stolbur" cpiphytotics and the mess infections
seccmod to contradict the fact that“the discasc is cntircly non-in=-
foctious undor ordinary conditions. Juice from sick plants cansos no
infeétion whon it is rubbed into loaves and stoms of hcalthy tomato
plants. Noncthcloss, thc infcctiousnoss of tho discasc was proved in
1931 when its transmission to hoalthy plants was adcomplished by
moans of grafting (Ryzhkov and Korachovskii, 1934). The only ox=-
plenation for thc cpiphytotics of tho discasc is tho hypothecsis that it
is transmittcd by somc suctorial inscct. For this rcason Korachcvskii
(1941) conductod tosts with several varictics of aphids, cicada and
othor. inscets, but thc carricr of "stolbur™ was not found among thom.

Sincc our basic task romained unsolved, various conjccturcs and
hypothcscs began to surround this question. The widc-spread opinion
wes that tho pathogenic agont was not introduccd into plant tissuocs
from without, but formcd within thom cndogonously as a rcsult of
physioldgical disturbanccs caouscd by unfavorable ccological con=-
ditions. This casc was o ré¢potition of instancos that have arison moro
than oncc in the history of medicinc and phytopathology. It suf-
ficos to rcecall malaria - the very namc of this discasc indicates o
purcly ccological intcrprctation of its noturc ét a timc when nothing
yot was known about its causal agent or carrior. In this catogory
-bclong also hydrophobia, ycllow fcver, and - 1in phytopathology =~
pupation of oats, dwarfing of ricc and a scrics of othor discasos.

Inasmuch as stolbur is charactcrized by & southorn rcalm of
distribution, thc caudc of this discasc vwas sought in high tcmpora-
turcs of air and $o0il. An opinion to this offcct has boon ckpfossed
morc than oncc (B.I. Scrbinov, 1941; P.I. Dvornikov, 1941; A.I.
Scrobriskov, 1941). Somé saw thc causc of discasc in wator starvation
of plants (Mcdish, 1938). Thesc conclusions, not vorificd under
stfidt cxperimental conditiéng, wore rofuted by other investigotors
(I.K. Korachcvskii, 1941; O.N. Vertogradova, 1941). [Bcgin p. 56.]
Tho controdictions found in all thesc hypothescs clcarly indicated
that tho noturc of the discasc had not bocn revealed; as a rosult,
practicing ‘cntorprises could not obtain sufficiont funds for its
control. ‘

Investigations conducted for scveral ycars by the Iaboratory of
Gonotics of Microorganisms ond Variability of Viruscs, Institut of
Genetics, Akademy of Scicnccs USSR, rovealed fully the cpiphytotics of
stolbur, and thc method for its control proposcd by thc laboratory
passcd succdssfully industrial tcsts and was accepted for adoptation
in industry. ' ‘

Epiphytotics dcvclop on thc basis of the. following principles.
In southorn rcgions infcction nidi aro concontrated in porcnniel
woeds of vhich Buropoan bindwced [Cénvolwulus arvonsis] and cress
fLopidiEEJ arc the most significant. Thesc plants arc attacked by
stolbur cn mass rcgardless as to whother or not susccptiblc culti-
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vated plants are near-by. The great susceptibility of these weeds is

determined by their being the principal subsistance plants of & ~
carrier insect which proved to be the cicada, Hyalesthes obsoletus.

The larval phase in the life of this cicada proceeds on the .
rhizome of Buropean bindweed and cress. If larvac develop on
discased plants, they becomc infécted by the virus which romains
within them for an extended time. In carly June, aftcr the for=-
mation of wings, thec cicadas appear on the surfacc of the ;round and
continuc to livc there for somc time in the places of brcoding {vyplod].
Soon aftcr, they migratec to the plantings of cultivated Solondccac.
The greatcst mass migration occurs botwecn Juno 20 and July 5.
This pcriod dotormincs the sproading of the virusd to plantings of
tomatocs, pepper, cggplant, tobacco and potatocs.

After finishing migration, thc cicadas lcad a stationary modc of
lifc within the limits of a givon plantation wherc they hatch oggs in
the soil ncar the root ncck of Europcén bindwced, cress and some
.other porcnnial wocds on the planting. While fooding on these plants,
they causc their infoction. Maturc individuals bégin to dic off in
July, and adult cicadas arc found r&rdly'in”ﬂuqut. Larvac devcloped
from the cgg still in”summer sottle in the rhisomc of wceds and

‘ there pass the winter.
\

Sincc the incubation poriod of "stolbur" lasts in tomato plants
from 30 to 45 days, the manifestation of thc diséasc occurs at the
cnd of July and lasts until the middle of August.

Epiphytotics rcach their maximum devblopmcnt in August.

The period of mass migration of thc carricr is fairly short -
two wocks altogether; this makes it possiblc to safcguard plantings
cffcetively by application o6f"DDT dust. This method was workdd out
jointly by thc arthor and A.M. Vovk in the yoars of 1947-1949. The
rcsults werc good, and in 1950 thc method passcd industrial tests
organizcd by the USSR Mjnistry of Agriculturc, and latcr was accoptod
for adoptation in & numbcr of southcrn rogions.

Four-timc dusting carricd out on Junc 20, 25, 30, and on July 5,

with cach dusting consuming 20 kg of dust (dustlng was not unmbrokcn, but
" was donc over rows) rcduced tho percecntage of infected plants by ‘
- 8~4 timcs, as costablished on thc "Krasnyi Tamancts®™ kolkhoz in 1950.

This mothod combinod with supcrior agrotcchnics produccs good
rcsults. An important factor is also the widc-sprcad use 3f stem
varictics distinguishcd bv rclative rcsistance to "stolbur.®
Woakening of plants under coiditions of poor agrotochnlcs 1ndroasos the
‘losscs inflicted by "stolbur."
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Solution of thc problem concerning mass wilt of pepper, cggplant
and potatocs in southern rcgions was also ncw. It was demonstrated -
undor rigid oxperimental conditions that this discasc is also causocd
by thc "stolbur" virus, although its symptoms (wilt) 6n thc crops.
référred to arc difforont fhom thosc on tomatocs (K.S. Sukhov and
A.M. Vovk, 1949). [Begin p. 57] :

. Bxperimonts have shown thot an officiont method of safcguarding
sccd=-potatd plantings agoainst stolbur is the onc proposcd by Aca-
demician T.D. Lyscnko, whorcby the planting is carricd out in mid
July or sbout tho 10th of July. "Stolitur” is not found on such
plantings, bccausc the discasc voctor lecads of statiohary modc of
lifc during this pericd and docs not invade now arcas. Yot, spring
planting of consumer potatocs must bc carried out as carly as
possiblc so as to give them cnough time to accumulatc a sufficiont
yicld boforc "stolbur" wilt appears. '

The work indicatcd was uscd in the Poople's Reopublic of Bul-
gario whoro opiphytology of "stolbur" dcvolops fundamentally along the
samc principles. "Stolbur®’wilt of potatocs has beocn idontified in
Armonia (Khachatrian, 1950). According to Samundzheva's data
(1949-1951), it has boon cstablished that tronsmission of "stolbur"

. undor Gruzian conditions is duc td thc cicada Hyalcsthos mloko-’
siowiczi, rclatcd to H. obsolotus.

Anothor harmful discasc of tomatocs is mosaic; its infoctions =
aro pafticularly sovere under conditions of covercd [grcenhouse cte. }
ground. BEvcn in the usual coursc of the discasc, in which the main
symptoms arc a mosaic coloring of lcavcs and some deprossion of
growth, yicld is reduccd by 10~15%. )

Under cortain ccological conditions morc scrious infections,
characterizod by the dying off of tissuc séctions on stoms and lcaves,
arc likecly to form on tomatocs with mosaic. In this phaso it is
callcd thc stroak discasc, dr striped mosaic, since the arcas of dead
tissuos on thc stem show clongated dark stripos.

The noxiousncs of thc streak discasc is detcrmined not only by &
general deterioration of the condition of the plant, but also by
the spoilage of fruit scts which deveclop ncerotic spots and ulccrations.

-

Conditions conducive to rotontion of infcection and to its sprcad-
ing arc tho samc as thosc far tobacco mosaic, sincc the causal agent of
the discasc in tomatocs and in tobacco is onc and the same virus.
Distinct from thc tobaéco discasc, o small mrecntage of tomoto mosaic
is tronsmitted by sced. This croates a supplefientiry and morc
pormancnt scurcc of infcetion on the plantings. M.I. Gol'din (1948)
proposcd disinfecting tomato sced with o 1% solution of postassium
. permafigonate for 5 minutes with subscquont rinsing of tho sccd in
woater, Such disinfoction redices initial cdasés cf infcetion, but
docs not climinatc thom fully. Thorcoforc A.M. Vovk's suggestion,

Lo
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that in covercd ground farming only tomato sced gathired from heoalthy
plants bc uscd, must be considcred as more expodicnt. At presont
thorc has ariscn a nocd for cstablishing sced growing tometo nurscrics
with covored ground and with open ground where hoalthy plants, caro-
fully inspoctecd as to virus transmission, would bc grown for scod.

- Tosting of juicc pressed from tometo loaves on the lceaves of Nico=
tiana glutinosa holps to détormine unmistekoenly concealed virus veetion

- and to sort out the plants. Inoculation of the jico into glutinosa

v leaves in which the virus is proscnt causes casily pcrecptiblo

' nocrotic spots to devclop on thom within throc days. Maintenance of
o certain number of glutinosa plants for this purposc prescnts no
difficultiocs on grocnhousc farms, and thc additional work cennccted
with“tho sclcction of healthy plants pays for itsclf in a very short
timo. g

Nonctheless, the sdcding of hoalthy sced for scedlings doos not
solve tho wholc problem. Extcrnal srurcces of infoetion nmay* continuc
to oxist in grocnhotGsos on diffcerent artieles of cquipnent, such as’
sholving boards cte. Therefore, the prorcquisite for growing hcalthy
tomotocs’ in covorod ground is the climination of infeetion contacts
which occur during the thinning of Sccdlings, during their trans-
planting into ground cte. [Bogin p. 58] The currcnt practicc of

. sowing scodling tomatocs in peat~hunus pots climinates such contacts
dur ing the scedling poriod, which is vory important sincc”the first
infcetions occur alrcady during the thinning of scedlings. Tomatocs
grown by this mcthod arc not subjeét to thinning and arc transplantod
into ground togothor with the pots. Transplantation con bo accom=
plishcd without touching the stem or loaves with ~no's hands, which
cxcludos the possibility ¢f infcoction. After this, hew contacts
with plants takc plocc during the rémovel of suckers.. Infcetion
oceurs oasily during this opcration. It can be fully avoidéd by
romoving suckers with pincers and séissors, and not by hand. After
removing suckers from 3-5 plants, the instruments arc disinfcocted by
instantancous immersion of their working parts in a 10% solution of
trisubstitutod potassium or sodium phosphates, or in a 10% solution
of tannin. Such disinfection doos not take too much time ond insurcs
fully agninst the transmission of infoeticn. Tho alkalinc solutidn is
kcpt in & shallow glass flask which thc worker carrics oh 2 strap.
The pincers must bc disinfeeted the samc as tho scissors.

- This simplc mothod involving mincr cxpenditurcs climinates fully
the possibility of spreading infection during the rcemoval of suckcrs,
. Tomntocs cdn bc tied up only with a cord that has not boon in usc
i proviously. At thc time fruit is being harvested, infcction can be
avoidod by holding the clustcr with pincors which arc being dis="
infceted from time to time, and by tearing the fruit off by hand.

v Wo heveo citcd 2ll thesc deteils for the purposc of shewing how
. simplé mckhods procticed to climinatc infcetion ean be when thoy aro
known. At the samc time, it must bc cmphasizced that in coverod
ground tomato agrotcchnics, thosc methods have not been talken into
considcretion up to now. It is obvious that the time is ripe for the
initiation of appropriatc scicntific and organizaticnal measurcs
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bound to raisc tho lovcl of covercd ground farming as 2 wholc and to
crcate agrotochnics answering modern demands.

An intcrosting solution of a problom was cbtaincd by developing
meoens for the control of white mosaie of cucumbors. Chcumbors of
covercd ground arc often attacked by groon mosaic Nol2. The bio-
logy of thc virus-agent of ‘this mosaic has much in cormon with the
biology of the virus of tobaceco mosaic. The virus is strictly
speeific for tho gourd family and plants of other familics arc not
suscoptible to it. Infcetion is sproad by scod and is casily trons=-
mitted through contoct. Groon mosaic is distinguished by modcrate

_noxiousncss which dccreascs yiclds by 10-15%. On somc farms, howe
cver, hcavy copiphytoticés ~f whitc mosaic flarc up on cucumbcr plant-
ings from timc %o timc. In such a cdsc thc drop in yicld rcachos
70 and oven 90%. Inspdctions of covered ground farns conducted by
our follow workor, A.M. Vovk, have induced hin to draw the cone
clusion that whitc mosaic dcvolops as o rosult of dirccted variation
of the virué ~f grocn mosaic under the influcnce of cxtromely high
tenperaturc.

Significant spreacing ~f grocn mosadc was obscrved on cucumber
plantings in grecnhcusés undor tho customery conditiosns, whitc mosaic,
. however, was not found. Heavy attacks by white mosaic were noted only

in those greenhduses where temperature was maintaindd “high, at times
exceeding 35° C. To inquire into this situation, A.M. Vovk conducted
special experiments at the Institute of Genetics, Academy of Sciences,
USSR. Cucumber plants infected by the virus of green mosaic were
placed in a glass-inclosed compartment where temperature was main-
tained at 37-40° C. Under these conditions, sifigle white spots
appeared on developed upper leaves in 7-10 days. Their number and
dimensions “grew gradually and in a short time white mosaic dominated
the plants. The same result wés obtained”in a series of replications,
in sccordance with natural law. [Begin p. 59] Thus, the virus '
of green mosaic, under the influcnce of increascd tomperature,’
underwent directed modification into the virus of white mosiac. A
special feature of the lattor. was its boing: adopted to now conditions
of temperaturc and bcing able to displace oasily the virus of .grecen
mosaié unadapted to thesc conditions.

Scparate isolates of thc virus of whitc mosaic infcéted cucumbor
plants growing in a grconhousc under ordinery conditions. Whitc
mosaic devcloped on thc plants. The same result was obtained in
the ncxt transition [passazh].” Conscquently, the new property of tho
vipus baecamo fixed by hercdity. It must bc pointcd out that during
two transitions thc virus had multiplicd by hundrcds of thousands and,
consoquently, the retention of acquircd charactcristics in a scrics of
such multiplé goncrations testifioed the high dogrec of constancy of
the now form. Yot, undor ordinary conditions, the virus of white mosaic
. could Survive only in.an isolatcd statc, in the abscnce of groen
mosaic. In mixcd inoculation of cucumbors, i.c. with both viruscs,
tho original form, as thc onc morc adaptod to ordinary tcmperaturo
conditions, displaccd the ncw form. In proportion to the growth
of now loaves in & cucumbor infoected by both viruscs, groon mosaic
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was boccoming morc prcdomindnt on them while whlto mosaic disappearcd
complgtoly as timc wont on. :

Tho cxpceriments described helped to cstablish fully and clearly
the causc for the omergencc of whito mosaic. On the basis of this rc-
scarch definitc rocommendations can be made to coveorcd ground farms
for thc provention of cpiphytotics of a very noxious discasc.

Antegonism botwoon viruscs of grcon and white mosaics, their in-
compatibility within thc organism of onc and thc samc host plent in-
dicatos that they bolong to different spceics. In the given easc,
as well as in a sorics of othor cascs, wc witness the formation of
spccics in viruscs undor control conditions.

We deom it important to cmphasize that a study of the rogu-
laritics of dircctcd variatidn in phytopathogenic viruscs is of
grcat thcoorctical importancc. Somc aspcets of this problom can bo
solved morc casily’on tho simplcst nuclcoprotcid viruses than on
ccllular organisms. A contributing factor in this rcspoct is the
rapid tcmpo of virus multiplication, their high plasticity and”
their capacity to maintain activity under deviating conditions. Tho
rclatively simplc structure of viruscs makes thom a particularly
convenicnt objcct for theoorctical invostigations concerning th01r

. variation and spocific formation. '

The thoorctical significancc of rescarch on direccted virus
variation bececomes the morc important as the identification of wviruscs
with so-called "freo gonos' persists in Morgonist virologleal liteora-
turc. Variobility of viruscs i8 being troated from the position of
the occasional mutations theory. Many facts of virus variation arc
under disputc and thc appcarance of ncw forms is being explaincd by
their scparation from populations where they, so to say, had cxisted all.
along in an undiscloscd stato.

Mork conductod at the Laboratory of Genctics of Microorgonisms
and Variability of Viruscs, Instituto of Gencties, Academy of Scicncos,
USSR, has discloscd a scrics of factors under the influence of which
rogular, dirccted virus variation deveclops. Cultivation of viruscs
in plants bclonging to diffcront spccics, or in plants of onc spécics
grown undcr changed ccological conditions furnished such factors.
Dirccted changes in the form of the tobacco mosaic virus werc ob=
tained,  for instanco, as o rcsult of cultivation of an infected host
plant at incrcased tomperaturcs. Tho.roality ofwthe proccss of
dirccted virus wvariation woas domonstrated irrcfutably in those in-
vostigations, and the hypothesis of a scparation of ready forms from
populations was rcpudiated. Tho veory fact that virus forms adapted
t6 lifc in plant tissucs with a sharply disturbcd mctabolism [Bogln
p. 60], ch-ractorized by dogroadation and docomposition of protcins

. obtained in thcsc cxperiments, furnishces importont moterial thot will
hclp to undorstand virus noturc.
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A study of thc rcgularitics of diroccted virus variation opens up
widc porspdctives for the study of tho procosscs of spccics fornmation
among thom. Baetoria and viruscs can and arc olrcady produing mae
torinl most aeccssiblc to the investigation of this problem. A wido
ficld for the invostigation of dirccted virus varidbility, is proscnted

. by the problem of protective vaccination of plants. For the time
being, this question romains unsolved, with only the first stops
having been taken in this direction in our laboratory. The cstab-

« lishmont of numcrous facts of antagonism and incompatibility of rclated
virus spocics within onc and thc some host plant offcrs a good basis
for dircctcd production of mildly virulent but harmlcss forms of
viruscs, which might scrvc as live vaceine safcguarding plants ino-

culated with it against séverc infoction cousced on the part of rclated,
strongly virulent viruscs. '

The development of this mchtod cneounters great difficulties, but
its poerspoctive for cortain agricultural crops is clcar, and it
descrves nmuch attention.

Control of virus diseascs of plants should bec cxpanded in
other dircctions also. Chemcthofapy of virus discascs has remained
until now a neglccted dopartment. Systematic work for the dis-
covery of antibiotics which inmctivate viruses is boing donc nowherc.

‘ The initial phasc of such.work must of nocessity bo included right
now in thc complox investigations by virologists and microbiologists.

But cven in thosc sphercs cof agricultural virology wherce ro-
scarch has bcen conducted long ago, and whoré many achicvoments have
boon attained, tho work must be strengthoned. This, to begin with,
concerns deveclopment of agricultural conditions that will inercasc
the resistancc of plants to virus discascs. Mcans of crop pro-
tection such as chcmicals must be considcfed as strictly oxtra-
ordinary mcasures rcquirocd in acute cascs. They must be roplaced
with spocial means of agrotechnics in which primary importancc will
always bo attached to factors of plant nutrition, time and methods of

secding, “structurc of crop rotations, wecd control, and prophylactic
mcasuros.

Bfforts rmust bc madc to cxpand selccticn work for the dovelop=-
, nont of varictics resistant to virus discascs. The rodults of
. sclcction work obtaincd in cotton and tobaeco culturc, wherc virus
infection can litcrally by climinatcd by high varictal resistance,
indicatc a cloar prospect [of success].

Finally, it is very important to oxpand and intonsify tho
theorctical work in the spheorc’of virology which will always bo of
great signigicancc in practicc.
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CONCLUSION
Problems analyzed in the present work deal with the control of ~
v1ta11ty and heredity in annual herbaceous plants and in their hybrlds.

The influchce of cultivation conditions upon the formation of varidus

characteristics has beon demonstrated on a wide assortmont of material.
A special foaturc of #hesc investigations wos the comparative study of
plant bchavior in differcnt agro-climatic zones. The large varictal and
specific stock utilized 'in tho work speaks very convincingly of the in-
flucnec of conditions oxcrted upon the fdérmation of a wholc scrics of
agriculturally important charactcristics. Morphological charactcristics as
wcll as biological (and biochemical) properties of plants change under

the influcncc of cultivation factors. Dynomics of growth and thc inccp-
tion of gcnorative organs procotd difforently; time of floworing, ripon-
ing of fruit and their chomical composition vary. The variations which
crop up moy.be.so cohsiderable as %o eweeddwthel limits’inhersnt @n+the
indicators of o spccics of varicty.

A voridty changos its naturc when transforrod to ncw conditions of
cultivation. #“Hence thc clarification of the rcaction of diffcrent varic-
tics to the influchco of oxternal onviromment is of groat importance in
the work of sclcetion. It is wcll known thet varictics developed and
rcgionalizod for o cortain locality cafi be cultivatced successfully in
other rogions and othor climatic zoncs. In clarifying thc possibilitics
of rogionalizing a varicty, it scoms to us that its tcsting by thé method
adoptcd by tho state varicty tosting notwork only is insufficiont.

It is important to show to what oxtont o varicty is capablc of assimi-
lating factors of cultivation and of rcSponding to them with changes of
scparate propertics and characteristics. Only the knowledge of the
naturc. of bchavior characteristics under appropriatc conditions makes
their control possiblce The work cites data which dcomonstratc the meons
of modifying thc charactcristics of the lcngth of the vegetative poriod,
the chemical propertics of fruit, their form, productivity cte. Speecial
featurcs moriting attention arc thosc involved in the formetion of cha-
ractoristics undor conditions of irrigationy this must be taken into
account whon now varictics arc being doveloped and thosb cxisting in
irrigated rcgions arc being utilized.

All mcthods devcloped for control of the farmation of charactoris-
tics assumc importanco in the cvont they can be fixed in the progeny.
Quitc logically, tho followin% chapter of thc work is devoted to the
problcem of inhoritancc of acquircd varictions. Thus far, Michurinist
biclogiczl scicnec has ot its disposal comparativelly Little factuhf
matcrial corraborating inhoritance of charactéristics under the in-
flucnce of cnvironmontal conditions, [Bogin p. 137] and thc accumu=
lation cf ncw facts in this spherc is of great importancc. The book
citecs data which demenstratc that acquired voriations become o re-
quircment of the organism and arc prescrved in progony cultivated under
ncw conditions. Tho capacity of plant orgonisms to fix acquircd

~variations is oxtromcly significant in scloction. Whon the factors

f10111tut1ng the formation of & dcfinitc charactoristic and its fixation
in progceny will be khown, thon the brecder will be able to contrel its
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dcvelopment. The book cites data indicating thc possibility of fixing
modificd propcrtics and characteristices of tomato plants in the progenys:
longth of the vcgotatite porind, form of fruits, their chemical compesition,
and a scrics of others. The basic method uscd to modify propertics is
rearing plants undor cdnditions doviating from tho customary (intrinsic)
rcquircments of a crop. A tomato crop that thrives in o warm climate
changes its naturc (horedity) and ocquircs the preperty of cnduring low
tomperaturcs, if its subscquent sccd goncrations are roarcd under con-
ditions of low temporatures. Dirccted sclcetion aimod at acquiring cold-
rcsistont proportics is pirticularly important when a crop is being moved
to morc northerly regions. Incroascd cold=rcsistance in tomatocs is
important also for thc conbtral bolt, the Baltie Rcpublies, Whitc Russia.
The book céntains methods for incrcasing cold-resistande 3f this parti-
cular crop. Rosults obtained by onc of the authcrs (D. D. Bfczhnev)

orc indicative of the cffcctiveness of thc motheds suggosted. With the
cooperation of P. P. Gusov, a scichnec fcllow of the Polar Station of VIR
(All-Union Institutc of Plant Industry), ho succcedod in rcsolving tho
problem of “growing tomatocs in open ground [outdoors] under trans-polar
conditions. Tho book roveals conditions for. the inheoritance of mor-
phological, biological, physiological and othor proportiocs in tomato
plants. As in the casc of influcncc cxortcd by cultivaticn conditions
upon the formotion of choaracteristics, there is dota on the horoditary
différences in plants cultivated in arid arcas and in thosc under irrighe
tion. (

A scparatc scction of thc book_(chapﬁor) is dcvoted to factors in=
creoasing the vitality of hybrid organisms. Now mcthods of intra-varic-
tal erossing arc also included. A distinctive characteristic of thosc
methods is the growing of parcnt plants under diffcrent conditions.

The additional diffcrentiation of scx gametes thus croated leads to a
considerable ificrcasc in the vitality of progeny, its productivity and
carly ripening. Thorc are indications that thc opinion cstablished in
sclection scicnce, that utmost heterosis can bo obtained by sclocting
parcnt pairs which differ in morphological characteristics, is neot -
always corrcct. Obviously, the biological differsnces in’the plants to
be crossed, creatéd by dissimilar conditions of cultivation, perform
an important role. Works on crossing plants reared under conditions

as sharply diverse as hdthouse and open air culture, and a series of
others, are of interest. [Begin p. 138] Methods connected with regu-
lating the state of the plant and its sexual elements in terms of age
are completely original. At different stages of its development,,the
plant and its reproductive organs produce & progeny with dissimilar
vitality. The most productive seed produce plants in the period when ” -
their development proceeds most vigorously, at 4 4% callaa Pags of puberty".
The same applies to the state of the flower. Considerable increase in
the yield of hybrid progeny is obteined by pollination coinciding with
the groatest vitality in the state of the plant {the flowcr). The
method of prcliminary grafting is also effective. In a scries of cases
it is instrumental in nearly doubling thc yield of fruit as comparcd
with ordinary hybridization (crossing). Finally, it demonstrates the
possibility of using the method of added alien pollination for tho
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purpose of increasing the vitality of hybrid progcny.
- * A number of thc following chapters are devoted to control of hero-
dity in crossing. The mcthods suggested are founded on interfoercnce

(control) in tho soxual process and on fAurturing thc cmbryo at the
carlicst possiblc stages of dovelopment.

The.mcthod of prcliminary montor which combincs soxuel and.
vogetative hybridization is aimed et influcncing the matcrnal orgenism
prior to crossiig, and thc devcloping hybrid cmbryo aftcr fortilization
has taken pléacc. Proliminary grafting makes it possiblc to obtain
hybrids with patcrnal hcredity cven in cascs in which the patcrnal
plants arc rcprcscnted by morc "porsistontly" rceossivo forms, as, fér

) instancc, a lcaf of the potato typc and the ycllow color of tomatoos.

s Particulars of preliminary grafting ard cxplaincd as applicd to tomatocs
undcr southcrn and northcrn conditions. To obtain variations in morc
conscrvidtive characteristics in the South, & onc-timc grafting is suf-
ficicnt. 1In thoe North in such cascs it is ncccssary to rosort to grafting
F, plants on the original parcnt forms. According to thc charactoristics
of the fruit, in the work of sclcction a onc-time grafting is sufficiont
oven in the North. Tho rolc of age variation in anfiuel plents in the
inheritance of characteristics is also domonstrated. In difforont phascs of
age, plants transmit their propertics to tho hybrid goncration with '
. different vigor. The maternal type of heredity which rospénds to a

morc vigorous plant dcvclopment is transmittced morc fully by pollina-
tion of clusters of the cchtral formotions. Charactoristics of ma-
tornal plants arc transmitted loss vigorously in pollinations of the
first floworing clustors and blossoms of oging plants. As applicd to
2 tomatocs, the cultural practices which assumo importancc arcs
\\ Greonhouse and open air cultivation. In the South this period
- (transplantation!in the opoen) is loss sovorc than undor northern con-

‘ ditions. Honce, somewhat difforent results arc obscrved in the pollina-
tion of the first flowering clusters which usually form while still in
the grocnhousc: In the casc of pea culturd, agoe varintions appear in
a "purcr form". 1In crossing poas (Begin p. 139] (%his, obviously,
applics to & cortain extent to 211 annunl crops) onc mist kocp in mind
the carly riponing of the plants - "age within itself". In coascs in
which both parcnts ripen oqually carly, age diffcrcnces of tho mother
plant sufficc to obtain cortain variations; if, howcver, development
(carly-riponihg) varics, onc should rosort to additidnal tgo differ-
cntiation by planting the parcnts at difforcont dotos.

A very offective method is“tho ro.ulation of the agoe state of sox-
usl cloments (ovicells, pollcn). -Pollination of a flowor (ovicell whon
its flowcring period is cnding strengithens considerably poatornal horo-
dity in thc progeny. Herc, o change of dominotion ean toke place, even
cases in which the parcent plants arc represented by clearly recessive forms.
It must bc romombered that the age of o flower has meanings othcr than
. the calendar idea, and is charactorigod by 4 physiological condition duc
to mony factors, chicfly weather conditions.

1

Declassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0




Q
g

Declassified and Approved For Release 2013/09/17 : CIA-RDP80RO1426R010200010001-0

- -

(5) Yrons. Ao 53%

The application of "highly maturc™ [“starovozrastnoi"] pollen mokos
it possiblc to strcngthen the matcrnal type of heredity and may provo to
bc an officiont mothod in scleetion, particularly in casos in which it
is dosirablo to proscrve the cultivatced typc of plant in crossing with
wild forms.

Aport from utilizing pollen of various ages for the purposc of con~
trolling horodity, knowlcdgo of the charnctoristics of progeny bchavior
during it application has still another significancc in thc work of  ~
sclecetion. It is known that it often beeomes ncecssary to storo pecllon.
It is cnough to point out such o nccessity in crossing forms with non-co-
incidcnt datos of blossoming, forms gecographically rcmotc, and varictics
grown in differcnt localitics {due to transfor of pollen) cte. The

ota which we have cited can scorve as cortain oricntation in all thosc
cascs. Up to now, tho problom idndor considcration has found no clori-
fication whatever in literaturc. The book dcmonstratcs thc possibility
of controlling thc forec of hcreditary tronsmission by rcgulating the
amount of pollcn dropped on the flower stigma, and by multiplicity of
pollination. Roduction in thc amount of pollen applicd (limitcd pole
lination) strongthons the troansmission of motornal proportiocs. The
opinion cstablished in literaturc that offspring of limited pollinoe-

tion must posscss ccrtain deoprcessivencss is not justificd in cascs of
intcrvariotal crossings. Two contrasting phonomena arc cncountcred in
fertilizotion duc to a limited amount of pollcne weookcned activity of the
scx procoss, and bettor conditions of dcvclopment (nutrition) of the
hybrid cmbryo as 2 rcsult of thc small amount of sced formed. The
latter circumstonce may lead to a progeny posscsscd of high vitality.

Mialtiplo pellinaticns streongthen transmission of patcrnal propertics
to hybrid progeny. "Investigations of this sort werc prompted by the
hypothesis [Begin p. 140] thot pollon is capable of germinoting and. of
rceiprocal action with the vegetative parts of the ovary and developing
cmbryo in thc coursc 6f cxtended time (at loast 4-5 days) after ferti-
lization has occurrcd. The high perecntage of sots in instances of
multiple pollinations (up to 100% of crossing succcss) and*the offie
cicncy of the mothod mako it acccptable for sclcction work. A scpa=
rote chapter is devoted to the role of supplomentary alicn pollination
during hybridization. The breeder quite froquontly cncountors phono-
mena of insufficient pollinatiofi, or has to doal witn pollon that is
incfficicnt, partly sterilc ete. In 2ll such cascs the normal coursc of
fertiliZation is being disturbed and tho character of progeny bchavior
changes. Wo have cxplained in our work thc foasibility of compensating for
tho quantitdtive and qualitative deficicney of pollen by alicn pro=-
pollination. Application of polleon of distant spceics (which takes no
direct part in fertilizaticn) inercascs the percentage of scts, and, in
mony rcspdets, rostores the usual (control) picturc of horoditary charac-
toristics. Addod alion’pollination vith highly maturc pollen tokes on
porticular significonce. Data cited in the book show that cven pollen
which has practically lost its capacity to fertilize, rcstorcs it to o
considcrable dogroc by added alion pollination.
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Tho last chaptor is devotcd to thc problom of ccologo-googrdphical
influcnco upon the formation of charactceristics in hybrid plants. In-
vestigations conductod up to now on a small sealc cxplain definito rec-
gularitics of the developrnont cof chiractcristics in hybrids rcarcd at
certain ccologo=gcographical points. The availability of a widc notwork
of statc sclcetion stations and other cxporiment~1l institutions located in
quite diffcerent agroclimatic zoncs offors dn opportunity to develop this,
substantially ncw, trond in sclcction work. This still is the tomorrow
of Sovict sclection, but*wc deem it timoly to call 4t to the attontion of
wide circles of brooders. '

On the wholc, the mcthods which wo proposc arc technically simple
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Avdonin, N. S. and Khudiakove, Iu. A.
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O sposobakh effektivnogo ispollzovaniia
azotogena '

[Methods for effective utilization of
gazotogen].

Voprosy Povysheniia Plodorodiia Pochv
Nechernozemnoi Polocy

Izdatel'stvo Moskovskogo Universiteta; 1954
p.83-103 56.6 M85

CONCLUSIONS

1. Azotogen applied on saline sod-podzolized soils by methods now
available is ineffective. This can be explained by the fact that ‘
. azotobacter introduced in sod-podzolized soil finds itself in an environment
. deficient of phosphorus and organic substances, with an excess of motile
forms of aluminum, in the presénce of rivals of azotobacter adapted to
conditions of podzolized soils. The destruction of azotobacter in saline
podzolized soils is aided by its introduction in pulverized fofm after
having been sensitized through maintenance on artificial media.

2. To apply azotogen successfully, it is necessary to create far it
favorable living conditions in soil and to change the methods of its
introduction in soil, along with the development of stable azotobacter
races. o

-
'

3. Special "azotobactor granules" representing nidi with conditions
favorable to azotobacter have been suggested. These granulesd are preparcd
from neutralized soil, humus, and ncutralized superphosphate. Tho mix-
turo of substances indicated is infected with pure azdtobacter culturecs,
~converted into granules, and introduced into the soil. ‘

4. Whenover azotogen was introduced into specific "gramulos", azoto-.
bacter lived, multiplied and fixed atmospheric nitrogen upon finding thesc
"granules" in acid sod-podzolized soil (pH 4.6) in tho courso of two -

N vogetativo periods, while it porished if introduced by the old mecthod.
Azotobacter "granules™ introduccd under potatocs incrcased thoir yicld
substantially. v

5. A propoerty of "granulos" important to azotobacter is their buffer -
. capacity, i.c. thc capacity to kcep cnvironmental rcaction on & certain lovel.
This was achicved by ineluding ncutralizod soil in the "granulos" and by
croatihg a lime coating about them. Thus tho chvironmontal recaction in the
Ygranules" upon finding thom in“acid"s6il (pH 4.6) kept up for twe vogcta-
tive periods ‘on a leovel of pH 6.2--6.8. , :
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6. Proiiminary propagation of'azotobactor on cultivated soil with a

-mildly acid or nocutral rcaction of cnvironment incrcascs the redistancc of

azotobactor to subscquont unfavorable conditions of subsistencc.

-

7. Botter dovélopment of azotobacter was obscrved during the first

-vogetative period when suporphosphate contont in the granulcs was O. 5%,

and diring tho sccond vogetative poriod when suporphosphato wns maintained
at 1%.

8. An addition of 5k of straw to tho grahulo comp081tloﬁ"st1mulatéd the
dovclopment of azotobacter during the first vegotative Dorlod but dcoprosscd
it in the coursc of the sccond vogotwtlvo perlod. LA ‘
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Cénclusions only
R. Adelman
Kalinkevich, A. F.
Formy azotnykh udobrenii pri
vnekornevom pitanii rastenii
[Forms of nltrogenous fertilizers
in external feeding of plants]. -
Zemledelia. 2(6):45-49
June, 1954 .20 Z44
(In Russiam)
CONCIUSIONS

Experiments in the use of various forms of nitrogen fertilizers as
nutrition for maize and buckwheat have shown that urea, an organic
form of nitrogen, i the best for external nutrition, and smmonium

‘sulfate the poorest.

The advantage of urea over other forms of fertilizers lies in its
considerable content of nitrogen which facilitetes its introduction
in smell concentrations in fairly large doses through the leaves.
Nitrogen introduced in the form of a urea sdlutiofi converts more
readily to albumin substances in the leaves. A 0.5% urea concen=
tration produced no external changes in the leaves, while ammonium
sulfate caused decomposition of the green part of chlorophyll and
thus decreased their photosynthesis.

Such diverse action of mineral fertilizers (ammonium sulfate and
ammonium nitrate) and organic fertilizers (ureea) in externmal nutris
tion is due to the characteristics of foliar nutriticn. In ordinary
root nutrition, nitrogehous mineral fertilizers undergo synthesis into
primary organic compounds alrcady in thé& roots and, as a rule, enter the
leaves in thc form of organie compounds. In ordinary root nutrition,
minerdl nitrogenous compounds cnter the leaves only in exceptional
ocases. This is observed in increased nutrition of plants with
nitrogen when a part of mineral nitrogen reaches the leaves, and also
in cases of protractéd weakened photsynthesis and carbohydrate
deficiency in plants.

Urea, upon landing on the tissue surface of a leaf covered with
fatty substances, disolves in these substances and thus penetrates inside
the tissue more rapidly and, being an organic substance, enters
into reciprocal action with the plant tissue more readily than mineral
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substances (Gunar, I. I., 1952). It exdels all available nitrogen
mineral fertilizers in external feeding.

. All this, plus the experimental application of herbicides and
physiologically active substances, demonstrates that organic,

| soluble forms of nutrive substances, obviously, have adventages
® over mineral fertilizers in external nutrition.
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Borisova, N. I. and Zagasinova, O. A.

Isol'zovanie izotopa p32 dlia otsenki postupleniia
v rasteniia fosfatov iz pochvy i iz udobrenii pri
posloinom i ravnomernom raspredelenii

{Utilization of isotope p32 in evaluating intake
of phosphates by plants from the soil and from
fertilizers distributed in"localized layers and
spread cvenly [throughout].

Izvéstiia Akademii Nduk S<SR, no. 6, pp.111-116

Nov./Dec. 1953 (Ser. Biol.) 511 Sa2B

(In Russian)

CONCLUSIONS
- 1. Localized introduction of fertilizers into soil layers leads
. to more intensive utilization of fertilizers in the “first period of

plant development than does their even distribution. ,

2. Aecording to the difference between phosphate intake in
unfertilized and in fertilized experimentzl varients, determination
of plant intake of phosphates from fertilizers introduced in the soil
gives an impression of a minimal use of fertilizer phosphates in
localized application. ‘

3. In localized application of fertilizers, the consumption of
soil phosphates during the first period of plant growth is less than
in an even distribution of fertilizers.

4. In an experiment conducted on podzolized claye§ seil with
localized introduction of phosphates, utilization of fertilizer
phosphates was relatively higher then that of soil phosphates, as
per comparative experiments conducted on chernozem and sierozem soils.

5. The advantage of introducing fertilizer in the soil layer
persists up to the time of harvest, @8 regards utilization of phos«
phates from fertilizers, but it is considerably less than in the
first periocd of plant growth.
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6. In the sccond period of plant growth éonsumptioh of soll
P phosphates was more intensive then in the first period of their
growth, when fertilizers were localized. '

7. Aided by thc methed of tagged atoms, it was possible to
obtain date allowing the hypothesis that the fundamental advantage of
loecalized intmoduction of fertilizers (into a layer of soil) lies in the
increascd utilization of fertilizér phosphates by plants in “tho
first period of thoeir devclopment.

Poch¥eonfyi Institut Article roceived
im V. V. Dokuchacva at cditorial office
Akadomii Nauk SSSR Dee. 1, 1952
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Bushinskii, G. T.
Agronomicheskie rudy-
[Agronomic ores].

Vestnik Akedémii Nauk SSSR
Vol: 24, no. 12, pp.30=34
Dec. 1954 511 Ak14V

(In Russian)
AGRONOMIC ORES

Artificial fertilizers have been utilized extensively in .-
agriculture for many years. If used skilfully, taking into account the
characteristics of the soil and the crop to be grown, they increase
the yield by one and a half to two times, and frequently by even more.
Their application is economical. The cost of the fertilizefs, compared
with the increase in yield which they produce, is not great. Thus,
fertilizers are a powerful medium in raising the productive capacity of
farm labor. v

Variou$§ agronomic ores are used in the preparation of artificial
fertilizers. The most significant emong them are the potassium afid
phosphate ores, and also carbonate rock (limestone and dolomites).
Gypsum and verious minor elements are used in smaller amounts - to
begin with, boron, copper, ‘cobalt, manganese, iodine, molybdenum,
uranium, vanadium and zinc.

The most prominent of the phosphate orcs are apatite, phosphorite
and vivianite. _

Apatite ores are composed of fluorapatite mincral and different
admixtures, principally nepheline and pyroxene. They constitute the
Ehibinsk apatite deposits onthe Kol'sk peninsula. These deposits
formed during the solidification of alkaline magha, apparently in
the Devonian period; about 350 million years ago. The concentrate of
these ores obtained by their granulation and enrichment consists
almost entirely of fluorapatite and has proved itself an excellent

product far chemical processing into soluble phosphate fertilizers,
chiefly superphosphate. '

The large apatite crystals found in mice veins in the vicinity of
the city of Sliudianka on the southern shore of the Baikal lake have

~been know for over a hundfed years and have boen doseribed in .-

litorature more than once. The quantity of these crystals, however,
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is not large, In rccent years, Soviet geologists have found an
accumulaetion of fine apatite grain the deposits of which are signi-
ficant. The apatite in these deposits is accompanied by a large
amount of admixtires and, therefore, it has not as yot been adapted
to practical use. These deposits require further geological re-
scarch for the purposc of finding ores of a higher grade, and a
tochnological investigation aimed at defining a more cfficient mothod
fa their processing.

Phosphorites have a fairly complox mineral composition. Their
phosphate substances occur in the form of thrce Wwidely distributed
mincrals = fluorapatitc, francolitc and kurskite. The cdftent of
Po0s5 is. the main qualitative indicator of raw phosphorusc
Fluorapatitc éontdins 42.23% of Pp0s5, fraHGOthG - 37.14%, ond
kurskite - 34.52%. (Begin p.31]

The mincrological nature of francolite and kurskite has thus far
only becn studied supcerficially, Therc is no unanimous opinion i}
even on as important a problom as the state of carbon and phosphatc.
Some insist that all phosphorites have beon formed by fluorapatite and
"that kurskitc is non-cxistent among them; others dcmonstratce the
existonco of thesc two mincrals on the premisc that theoir proportics
differ csscntially from fluorapatite. The verdict of this hypotheticel
disputc is of substantial practical importance. If tho veracity of the
. supporters of the first point of view will be established, then therc
will be hope far inercasing artificially the P20g content in phos-
phorites up to 40=42%; if, howovor, tho oppositc opinion will
triumph, thcn the attempts- to raisc the quality of frandolite phose
phorites above’37% of P20s; and of kurskites - above 34. 5% of P205
will be futile.

‘ Minerologists must pursuc thc study of the minérological naturc of
thc phosphatc substances of phosphoritces in carncst.

The two known most. important tpro among phosphdéritos arc the
scam [plastovyil] and the nodular [zhelvekovyil typcs. With such
distinctions in form arc connccted distinctiond of o'mincralogical
nature = scam phosphoritos arc doposited by francolitc and partly by
fluorapatite, and nodular by kurskite. Xurskite phosphorites are
assinilated by plants more readily than francolites and fluorapzatites
hence they are being utilized as phosphorite fertilizers without
chemical processihg. As separate entities the podol'sk phosphorite
nodules stand out. They’are deposited principally by fluorapatlte and
in part by carbonapatite.

Seam and noduiar phosphorites had formed in shallow areas of
ancient seas as biochemical precipitates and they occur among sea de=
posits.
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The P205 content in seam phosphorites usually is eqials to
25-30%, and in nodular, to 15-20 and infrequently to 25%. The
magnitudes of seams in the first reach 10-15 m, and in the
second 1-2 meters. Consequently, seam phosphorites have a sub-
stential advantagc over the nodular type with respect to 4 higher
P205 content as well as the great megnitudes of the seams.

The seam type includes the Khoper, Selcuksk and Kara Tau
- phosphorites. The latter are of great industrial importances they
arc being shippcd to the superphosphate factories in Central Asia.

The Kara Tau deposits are distinguished by a high content of
dolomite, which hinders the production of granular superphosphite and
complicatcs thc technological process phosphorite treatment.

Deposits of noduler phosphorites arc widcly distributed over the
Russian plains”and occur in the Urals, thc Caucasus, in Contral Asia
and in Siberia. By the character of admixturcs, quartz-sand and
glauconite sand phosphoritcs stand out.

Deposits of quartz-sand phosphoritcs arc ¥nown chicfly on the
northern outskirts of thc Dnepro-Doncts depression (Briansk and
- Kursk Regions), and also in thc Aktiubinsk Rcgion. Those arc not
. high-grade phosphoritess their Pp0Og contont is oquivalont to 15=
19%. Their roscrves, howcver, arc very considerable and thanks to
their éccurrence at the surfacc, they can bc cxtracted by opcnecut
mining. :

Quartz~sand phosphoritcs uscd as phosphoritc fertilizer werc
until rceently of locel importancc. Modorn mcthods of thesc phos-
phoritcs by flotation and producing a concontratc containing up to
25-27% of P205 ha¥c incroascd to a large extorit the possibilitics of
their application. '

. Glauconite sandy phosphorites are distributed principally in the
Moscow and Riazansk Regions, in thé Chuvash Adtonomous SSR, and in the
vicinity of the upper Kema _river). {Begin p:32] These phosphorites
contain 20-25% of P20g and are easily crushedy As a result of their
high content of ferric and aluminium oxides, they are not well suited for
chemical treatment, and similar to quartz-sand phosphorites, are being
utilized principally as phosphorite fertilizers. Their deposits are
also considerable and are available for open-cut mining.

Until recent times, only phosphorite ores containing no less than
10-12% of P,0g were considered ec¢onomically valuable. For this reason
no attention was paid, for instance, to obolis [obolovye] phosphorites
long known in EStonia and the Leningrad Regien (5-8 and accezionally
up to 1% P205). Investigations have shown $hat these oros wcre come=
o - posed of phosphate shells of the simplest Brechiopoda of the marine
. animals of obolus [obolius] and lingula, and an admixture of & large

(
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quantity of quartz sand grains. It was found that by crushing obolus
phosphorite, it is possiblc to produce phosphatc and quertz grain with
almost no adhesions. Further flotation of this material permits the
production of & high~grade product with a PpOg content over 30%. Thus
it became possible to oxpand considerably the possibilities for
utilizing obolus phosphorite.

In'Siberia, until recent times, deposits of phosphate orec were _
unknown. Formations of apatites and phdésphorites found here in the last
few years a re as yct scarcely adequatc.

Vivianite is an aqucods phosphatc of forrous oxide. Its deposits
occur in lowland pcat moss. Thoy arc found in large quantities in the
swamps of “FThitc Russia where vivianite is uscd as a fertilizor togother
with pcat. Usually vivienitc doposits arc not largc, but thanks to
their distribution over a’large torritory, thcir occurancc at the
very surfaco, and the simplc manncr of cxtraction, they arc being
oxploited successfully by kolkhozes.

Of groat cconomic importance arc potassium fortilizers for the
production of which the doposits of chlorous and sulfate salts of
potassium or of potassivm with sodium and magnosium arc utilizcd.
These salts had procipitated from the salt-water in lagoons of carly
geological periods under arid and hot climatic conditions.

Thc USSR™is mining two potassium formetions = the Solikamsk and
cis=-Carpatian. "The first had formed in the Pormian pcriod; the second,
in the tertiary. latcly mow, very promising deposits of potasSsium
salts which had formcd in the Devonian period werc discovcered.

Potassium doposits aré know also in the Ural-Embenskii Region and in the
South of Contral Asia.

All of thesc deposits have cfiough reserves to supply the country's
dcmands for potassium fortilizers. Tho problem simmers down mainly to
the prc-cxploration of the old, and cxploration of ncw localitics for

laying mincs for the purposc of morc cfficicnt cxploitation of all
salt doposi ts.

Liming of acid soils is accomplishcd with various carbonie mountain
rock depodited by calcium or dolomitc -~ limcstonc, dolomitic limcstono,
dolomites, marblec, chalk, marl and limc tuffs. .

The cxploitation of dcopodits of frosh-wator limc tuff and swamp limoc,-
or lake chulk, is morc simplc. Thecir formations usually are not large,
but they arc very humcrous. Thanks to their friability thesc rocks
nccd not alwdys bec crushed and, thercforc, can be deliverced directly

to the ficld. They usually occur at the very surfacc which makes thoir
cxploitation much casior.,

Declassified and Approved For Release 2013/09/17 - CIA-RDP80RO1426RO10200010001-0




Deélassified and Approved For Release 2013/09/17 : CIA-RDP80R01426R010200010001-0

(5) Trans. A. 536

The USSR"is known to havc a large quantity of deposits of
carbonic rock. Many of them hivec been diluted in detail and are being
processed for various purposcs: In so doing, frequently a considerable
amount of thc waste [Begin p.33] of %poor cross-scction” [malogabar-'
tnyi] gravel which can be utilized successfully for liming of 30113 is
obtaincd.

In conjunction with carbonic rock, good rosults & rc produced on

. acid soils by mengancsc. The waste of mangencsc concentration factorics

scrves as mangancse foertilizer; low-gradc mangancse ore is used for the
samc purposc (in the Caucasus, the Urals and 2. -numbor of localitics in
Siberia). » ‘ ’

Gypsum is being Uscd succcssfully for the improvemcnt of -alkalinc
soils in'arid rcgions. Considerable dcposits of gypsum arc found in
thc Ural-Embensk Region, in Contral Asia - prcciscly in tho placos
wherc alkaline soils cover large arcas. .

Recently the application of maghosia fertilizers was begun; they
proved to bc particularly cffective on sandy loam and podzolic soils.
Dolomites and dolomitic limestone arc tho principlc sourccs of magncsium.
Dcposits of thesc rocks are distributed oxtensively in USSR territory, and
in many pldeccs they arc diluted in detail and are casily available for

. cxtraction.

Magnesia silicato - dunite, pyroxenitc and scorpentinitc can scrve as
supplementary ‘sourccs of magnesium. Although, as rcszards assimilation
of magncsium, thcy do not comecs up to such rcadily soluble forms of
ma.gnesia fcortilizers as sulfuric acid or potdssium and magnesium
chlorides [khlorlutyo soli kaliia i magniial, or cven to dolomitcs,
thoir worth™is conhanced by tho frequent prescncc of cobalt and nickel
within them. Hugc deoposi ts of magnesia silicates arc known to bo in
the Urals, the Coucasus, in Central Asia and in many localitics in
Sibcria. In somc Ural mincs large quantitics of magnesia silicates
arc troated as vwastec products in the oxtraction of asbestos and othor.
uscful mincrals.

-

The agrochemical offect of magnesia silicates has not as yot
been sufficicntly investigatods; henee their geolegic rescrves arce not
considered as agronomic orc.

The work of many invostigators has demonstrated the high offcctive-
ness of boron fertilizers; cspecially on podzolic soils and forest
sicrozems. In tho production of thesc fertilizers, the calcium and
magncsium salts of boric acid - hydroboracitc and ascharitc arc
utilized. Their déposits arc being mined on the Indersk formation in
thc Gurevsk Rogion. Othor possiblc bordn sources arc the complox
borosilicates = datolito and tourmalihc. Boron occurs also in the

- waters of somo lakes in“Contral Asia and in voleanic mud in the
‘ Crimeca and the Caoucasus. The boron content of thesc sourccs is low,
and thce oxpoedicncy of“extracting it from thesc wators and nuds has not
yct been investigated.
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For*thc timc being, the purc salts of corrcsponding metals arc
being utilized as microfertilizers. Considering, howcver, the vast
cropping areas ih the USSR, the demand for these salts is very great and
their supply to agriculture is becoming a serious geological problem.

It is essential to ascertain which natural minerals or rocks containing
) microelements could be utilized directly for fertilizing, and to estimate
' their deposits. 1In many éases it is possible to use 1ndustr1a1 waste
with microelement content.

Due to the absence of approved technical specifications for
microelements as a raw material for fertilizers, geologists are unable
to evaluate or estimete their déposits. The Ministries concerned must
climinate these inconsistencies. :

At the conference concerning the geology of agronomic ores, held
in Mey of this ycar at the Department of Geologic and Geographical
Scicnces of the Ecademy of Sciences USSR, the situation of the raw
matorial basc of the most important agronomic ares = phosphorites,
apatites, potassium salts and raw boron - was oxamined, [Begin p.34]
- and means for its futurc cxpansion were noted. The conference rcsolved that
it was necessary to continue the search for phosphorites in the Ukraine,
the Caucasus, thec Urals, in Siberia and the Far East. Recont new
) finds of phosphorites indicate tho prospects of tho scarch for agronomic
. orcs in many rcgions of the country.

Tho conforence noted that it was neccssary to study the gencsis of
phosphoritcs and thoir mincrology. The mincrology of calcium phos~
phatcs has; by the way, boon studicd up to now only by separato
geologists. The problem, however, proved very complex - the molccular
structurc of calcium phosphatés which form phosphoritcs has not as yot
bocn sufficiently ascortained. Thc hypothesis that carbon cntors the
phosphatc molcculc is particularly contravefsial. The study of thosc
problems must assume a systematic character. :

Discussing thc mcans for cxpanding thc raw matcrial basc, of the
potassium industry, tho dclcgates to the conferoncc notcd that geo-
~ logical pctrolcum organizations drilling weclls fail to acquirc complote
sclcetions of corec [samplos] from salt scams.

A potassium varicty with thc atomic weight of 40 posscsscs
radio activity and occurs in potassium salt in thc form of a constant
admixturc. Gemma~-rays cmittcd by radioactivce potassium penctratc
casily the drive pipes of dfill holes and, thercforc, can be measurcd with
the appropriatc instrumcnts. By measuring gamma-radiation in drill
holcs, it is possiblc to locatc thc pétassium scam and to detorminc
its magnitudc and depth of occurrance. Tho conforence rcsolved that
it was noccssary to accomplish such mcasuromcnts in drill holces
from which no samplcs had boen token during the timc the drill stem
6 "~ was passing through the vein or scam of potassium salt.
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Thus, to solve the problems confronting our country's agriculture,
an extensive geological investigation of the depodits of various
agronomic ores assumes an ever greater importance.
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Kedrov-Zikiman, O. K.

Khimizatsiia zcmledoliia

-

[Chcmicals applied to agricdlturc]‘

Priroda March 1954 .
43(3):11-20 - 410 P933 -

CHEMICALS APPLIED TO AGRICULTURE -

The Scptomber [1953] Plonum of the Contral Committec, Communist
Party of tho Sovict Union, has charged our countryt!s agriculturo with the
imposing task of raising thc agricultural standard to & now, still
higher lovel. ’

Sucecssful implecmentation of this task will onsurc a sharp risc
in the productivity of agricultural cropd, and will creatc an abundanco
of popular consumcr goods in our country.

. An increasc in productivity is connceted with a widesproad
adaptation of a scrics of agrotochnical mcasurcs of which tho usc
of chomicals in agriculturec ranks among thc most important.

" The application of chemicals to agriculturc is accomplished
fundamcntally by the extensive usc of fertilizers, and primarily
mineral fertilizers manufactured by tho chemical industry.

The production, and use of mincral fertilizers cxpanded in our
country only after the Great Octobor Socialist Revolution. In Czarist
Russia manurc was thc main fertilizor used, but cven that was appliecd
in insufficicnt amounts and, in most cascs,; without obscrvancc of the
most clomcntary agrotcchnical rcquircments. Mineral fertilizers werc
“importcd from abroad in small quantitics and uscd only on a few
large manorial cstatcs; to pcasant farms, howover, thesc fortilizers
worc unavailable.

Aftor the rovolution the situwation was radically changed - produc-
tion“and usc of mincral fortllizers began to develop at an unproccdented
pacc. As 2 result of investigations conducted unddr the guidance of
oitstanding Sovict sciéntistd - tho acadomicians N. S. Kurnakova,

A, E. Fersman and Prof. P. I. Prcobrazhcnskii - rich dcposits of

phosphorus and pétassium orc werc discovered in the first yoars of

Sovict authority. This pcrmitted thé organization and production of
‘ phosphorus.-and potassium fertilizers. A
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In the Sovict Union, the basic phosphoric orcs arc found in the
rich doposits of apatitc on thc Kol'sk peninsula and in the formations of
phosphoritc in differcent rcgions of the country including the large
deposits discovorcd shortly beforo“the Great Patriotic Tar in the
Kara=-Tou mountains in Ccntral Asia,

The main sourcos of potassium fertilizers are the richest potassium
salt deposits fourid at Solikamsk, ard also in Kalusha and Stebniki -
(lestern Ukraine).

. Along with the production of phosphorus and potassium fertilizers

| developed also the production of nitrogen fertilizers based on the

| fixation of atmospheric nitrogen into ammonia. 1In selecting the
technological process for this industry, the investigations of the

eminent Soviet scientist, “academician D. N. Prianishnikov played an

| important role. {Begin p.12] He demonstrated that not only nitrate
o (nitratnyi], as held prior to his works, but also ammonia nitrogen’

| [ammiachnyi azet] can be utilized successfully in plant nutritionl.

Organization of production and wide=spread use of mineral ferti-
lizers in the USSR were closely connected with the realization of

socialist industrialization of the country and collectivization of

‘ agriculture, The fertilizer industry was established in the USSR
during thé first five~yecar-plan. At the beginning of the second
five-year-plan, our agriculture began to receive considerable amounts
of mineral fertilizers and to use them under the basic technical
crops - cotton, sugar beects, tea, citrus, flax, hemp. As a result,
the yield of these crops incrcased considerably during the second
five-year period. Thus, for instance, the z2verage yield of raw
cotton in Uzbekistan was 8.9 contnérs per ha in 1933; yet by 1939
it had increased to 17 ¢ per ha; i.e., it had almost doubled. The’
yields of other techniecal erops which were recoiving mineral fertie
ligzers also increased considerably.

During thc third five- year plan, up to thc beginning of the
Great Patriotic War, production and Gse of mineral fertilizors in
the USSR continued to cxpand rapidly. In war time the production of
mineral fertilizers was greatly impaired; their application on the
ficlds of kolkhozes and sovkhozos was sharply curtailed. After the
victorious termination of the Great Patriotic war, mineral ferti-
lizers played a vory important rolc in the rcconstruction of agri=-
culturc, and by decision of thc Party and the Govermmcnt, they
have bcen appliod in rocont ycars not only under tochnical crops,
but also undor subsistcnce crops - ceroals, potatocs, vcgetables.

The Scptombor Plenum of the Cemtral Committco, Communist Party of
thc Soviet Union rcsolved on a further sharp cXpansion of production
capacity and of the usc of minoral fertilizers. It says in tho
. Plonum docroc - "To instruct thc Ministry of the Chomical Industry and
the Ministry of the Motallurgical Industry to incrcasc from 1954-1963
the productionh capacity for minoral fortilizors (converted to
Tror dotails concerning “the works of Acadomician D.N. Prianishnikov
scc "Priroda", 1954, no.l.
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conventionnl wnits) up to approximately 16.5~17.5 million tons in the year ...

1959, and up to 28-30 million tons in the yoar 1964. To bring the output
of supcrphosphatec in granular form in the yoar 1955 to 45»pcrccnt,

and in thé yocar 1958 to 60 percent of the total production of supcr=
phosphatc. To supply agriculture, boginning with the year 1956. with
ammonium nitrate in granular form onl¥. To work out a plan for widc-
sproad utilization of Khibinsk apatitos as wcll as local phosphoritcs

to moct thc necds of agriculturc"l. :

Pho monufacturc and application of so large & quantity of minoral
fortilizers will play a particulerly jmportant rolc in tho sherp in-
crcasc in yiclds of cultivated plents and inthe growth of agricultural
production. : '

The principel typos of minoral fortilizers manufacturod by i

our chomical industry arc nitrogon, phosphorus and potassium fortilizors.

At prcscnt, tho bulk- of nitrogen fertilizors is boing utilizod to
cultivate tcchnical crops. Thoir application undor grain crops is
1imitcd to small amounts of nitrogen uscd as spring sidc~-drossings,
and the portion of vogotdbles and forage crops rocciving nitrogen
fortilizor is vory smell. In futurc the standards for tho usc of
thoso fortilizors for subsistonco crops will widen markcdly. '

Tho instruction of the Scptcmber Plomm of thc Scptcmber Plonum
of the Ccntral Committcc, KPSS, on supplying agriculturc, beginning
1956, with ammonium nitratc - the principal fitrogen fortilizer -
in granular form only, is of grat importancac. Ammonium nitratc is a
very effective fortilizer, but it detoriorates in storagc ond vory
oftch forms lumps; honec it must be ground & gain before it can be
uscd. This grcat shortcoming of ammonium nitratc can be climinated
by granulation, sinco granular nitrato docs not dotcrioratc.

Tn tho futurc phosphorus fortilizers will also be uscd to @ -
much grodtercxtent than 2t prescnt. Furthormorc, &8 thc amount of
suporphosphato incrcascs, tho manufacturs of phosphoritc fortilizor will
also inmorcasc; IBogin p.13] tho wido possibilitics .for utilizing °
this good phosphorus fertiligor arc not by far boing fully oxpléitod.
To raisc the offcctivenoss of this fcrtiliser, composting~of phosphoritc
fortilizor with menurc must be practicod morc cxtonsivoly. Composting
incrcascs the cffcétivonoss of thc monurc as wcll as of the phos-
phorite fertilizoer. Bosidos, phosphorite fortilizor in composts with
manurc produccs considorable offcct not only on highly and modcratcly.
acid soils, but also on mildly acid and noutral soils.

IConcorning measurcs for the futurc dovclopment of agriculturc
in the USSR. Docroc of Plenum of Central Comittc “KPSS adopted

Scptember 7 , 1953 pursuant to report of tov. N. S. Khrushchcev,
Gospolitizdat, 1953, p.38.
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Thc output of supcrphosphate in granular form is also highly
significant., If supcrphosphatc is imtroduccd in soil in pulvcrized form,
the availability of its phosphoric acid to plants decreases considerably,
which is due chiefly to the formation of slightly soluble iron and
aluminum phosphttos. If, however, granular superphosphate is in-
troduced in soil, fixation of phosphoric acid by ferric and aluminum
oxides decreases sharply, since granular superphosphate has a much
smaller area of interaction with the soil then pulverized super-
phosphate. Therefore the effectiveness of granular -superphosphate is
considerably higher in most cases than that of pulverizéd super-
phosphate, particularly when appliéd on red soils and podzolic soils
rich in ferric and aluminum oxides. Granular superphosphate "is expecially
effective when it is introduced into rows together with seed.

Heretofore, it was held that our {Soviet] agriculture is considerably
less in need of pPotassium fertilizers than of the nitrogenous and the
phosphoric types. Scientific investigations and industrial experience,
however, show that, as the yield increasses, the need for potassium
fertilizers grows. In addition, the application of potassium ferti=
lizers is oven now most important for a serie§ of agricultural plants
(legumes, plants with edible roots, potatoes).

_ It must also bc noted that plant requirements for potassium ferti-
‘ lizers depend to a high degree on the properties .of the soil. The
application of potassium fertilizers is particularly important for light
-sands and sandy loam soils stretching in our Union over wide ©Xpanses.
It is entirely impossible to mancge a fdrm without the application of
potassium fertilizers on peat~bog soils. Here it is necessary to apply
potadsium fertilizers in considerably larger doses, and every year at
that. Henco, in connection with the anticipated drainage and adaptation
_ Illustration )
Mechanized placement &f “mineral fertilizers.
Kolkhoz pamed after I,V, Stalin, Novo-Ukrain
District, Kirovograd Region, Ukranian SSR
Photo by G. Verushkin

of vast areas of peat soils within tho near future, agriculturc's
demand for potassium fertilizers will incroasc sharply. At present,
the main potassium fortilizer is potassium chloride manufactured by
our chemical industry at the base whero Solikeamsk potassium salts are
being processed. Potassium chloride is an effoctive fortilizer with

@ high potassium content (about 55%), but it has an essential short-
coming; nomely, chlorido fixed with potassium has a negative offect on
& number of agricultural plants including such important and widcly
distributed crops as potatoes, tobacco and grapoes.,

. Thercfore, our chemical industry puts out for fertilizing pur-
poses also somc potassium sulfate the amount of which will have to be
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jnercased in the futurc. Besides, therc will be & merked ecxpansion in
the production 6f potassium fertilizors from salt deposits inthe

Wostern Ukrainc. Thoy offer the possibility of monufacturing potassium ~
fortilizers in which a part of tho potassium is fixed with sulfuric acid.
Along with potassium, these fortilizers contain 2 considerable amount

of magncsium one of “tho most ifportant clomonts in tho nutrition of
agricultural plants. [Begin p.14]

ILLUSTRAT ION
Broadcasting of mincral fertilizers by airplanc.
Kolkhoz ®Chervonyi stop", Trdstioncts District,
Vinnets Region, Ukranian SSR.

-

Photo by E. Kopyt

Many crops guitc frequently oxperience a lack of pognesium, particularly
on light soils, and undor conditions of liming, not only on light
but also on hoavicr soils if the limc fertilizers usod do not contain a
considorablc amount of this cloment. From the salts of tho West
Ukranian deposits potcssium mognesium (kali-magnezia] is being produccd
-a splondid fortilizor containing about 26-28% potassium oxidc. In
. the futruc, the production of this fertilizor should be oxpandod

‘ considcrably. Tho unit weight of low-porccntoge potassium fertilizors
(kainitc) monufactufed also by industry on the basis of West Ukrainian
salts must docroaso. )

The assortment of mincral fortilizers must be oxtonded chicfly on
account of the output of fertilizors with a higher content of active
substanccs, particularly on account of compound fertilizers containing
two or three nutrient substances.

The use of orgahic fertilizers, first of all manure and peat, is
of utmost importance. In the Decree of the September Plenum of the
Central Committee, EKPSS, it is indicated thet it is necessary "to pro-
vide for & considerabdd increase in the accumulation and application &f
local fertilizers (monure, peat, liquid manure, various composts etc).
In regions with peat deposits, to increase the preparation of peat
for fertilizing and litter. To organize on a large scale the pre=
paration and application of composts end or gano-mineral mixtures so
as to increase within the next 2-3 years the use of organic ferti-
lizers on kdlkhozes by one and a half 2 times to compared with the
year 1952"L,

Up to now, there still is the widespread opinion that the application
of local fertilizers cannot be considered as 2 chemical means applied
to agriqﬁitqre; that, for example, the effect of manure or other orgadic
fertilizers is not due to any essential chemical action upon the soil.
' + Measures for the future development of agriculture in the USSR.:
Decree of Plenum of Centrcl Comnitteé, KPSS, adopted Séptember 7,
1953, pursuant to report of tov, N,S. Khrushchev, p.38.
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The imaccuracy of this opinion is visible from an examination of the
processes caused by the introduction of manure tm the soil. ‘Not on%y
large amounts of nitrogen, phosphorus and potassium are introduced %nto
so0il together with manure, but also a great deal of calcium, magnesium
and other cations which, following the decomposition of manuré in the
soil, displece hydrogen-ions and enter the absorption complex. As o
result, soil acidity decreases under the influence of manurec, although
to a‘lesscr degree than through the introduction of normal doses of
lime. Manure causes also fixation of motilc soil aludminum, thus rc-
ducing the injurious action of the latter upon plaits. Manurc contains
different microelements including boron, mangancse. The positivo effect
of manurc is in a large moasure duc to t he fact that it 2dds to the
soil & lerge quantity of useful microdrgonisms and energy material
ossontial to thc activity of microbos.

As manurc decomposcs, a large amount of carbon dioxide bocomes
jsolated in the soil; first it saturates“thc soil solution; second,
while separating from the soil, [Begin p.15] it inercases the carbon
acid content in the lewer layers of the air. Saturation of the soil
solution by carbon dioxidc makos: it o morc onorgetic roagont which.
facilitats the solution of nutricnt clomonts contained in the soil
(for instancec, phosphorus compdunds) and thoir conversion into-a stato of
groator availability to plants. An incroased content of carbonic acid
in the lower “atmosphcric strata produces a positive cffect on agriculs
tural plants. Besides, as demonstratcd by investigetions including
thosc conductod with the radioactive carbon isotope (c1%), carbon Ny
dioxide cdn onter the plant not only through the leaves, but also through
the roots. As a result, tho increcased concentration of carbon dioxide
in the solution of soil helps to inercasc its content in the plant
and to strengthon photosynthesis. i

Manurc produces 2 strong positive ceffeet upon the yield of agri-
-cultuwral plants not only in thc first yocar of its introduction in thc soil,
but also in subsoquent years. An cxporiment conductcd by the Institutc of
Socialist Agriculturo of tho Acadomy of Scionces BSSR, [Whitc Russian
SSR], at its camtral cxpcrimcntal base in "Ust'e", Orsha arca, Vitcbsk
Region, can bc cited as a brillidnt cxample of the high cffectivencss
of manure on sod-podzolizcd loam. In this cxperiment, aftcr an appli-
cotion of 40 toins of manurc, the yicld of wintcr whoat grain rosc
from 17.9 to 32.3 ccntners per-hoctarc, and the hay yield of mixed
grasses sccded under ryc and composcd of red clover and timothy in-
créased thc following ycar after the introduction of manurc from
66.5 to 111.2 centnors per hoctarc.g

Duc to inadequate storage, frcquontly morc than half of the nit-
rogen content of manurdé and o considerablc portion of its phosphorus
and potassium arc:ilost. Yet thosc losscs could be sharply dcercascd
by implementing ccrtain meoasurcs that can be‘casily roalized on con-
solidated kolkhozcs and sovkhozcos. Ve have in mind the construction
of manurc storages and liquid mamirc rcecoptacles, an inércasc in the

anount and improvement of the qu&lij;y of litter, plowing undor of
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manure in good time after it has been spread over the fisld, These
measures will conserve & larger amount of nutritive subs-anees for

-

~agricultural plants than our farms can obtain from indusitirial fertilizers.

The fertilizifg action of menure depends largely on ‘the method
of its preparation. The basic one’should be the currently recommended
compact method for stacking manure. Stacking it solidly in manure
storages as well as in stock-piles built near the farm or in the
field will ensure a fertilizer of good quality, with losset “of
nutrients falling considerably below those in loese storaga.

Our colntry's rich reserves of peat can be utilized wiéely as
fertilizers. As 2 rule, peat manure is as good as the custaary straw
menure and very often exceeds it in effectiveness. Thus, foir example,
according to data of the Institute o Socizlist agriculture of the
Academy of Sciences, BSSR, one of the experiments conducted ol sod-
podzilized loam at the Atolino-Priluki sovkhoz, Minsk Region, produded
the following potato yield: without the application of manure -- 121.0
centners pér ha, after introduction of 36 tons of straw manure on
1 ha - 179.0 ¢entners per ha, and after introducing 36 tons of jeat manure
on 1 ha - 186.4 centners per ha.

To utilize peat manure and other peat fertilizers to a greater’
extent, it is essential to adept the application of a special factory-
made peat litter to agricultural prodiction, 2long with peat prepared
by kolkhozes and sovkhozes themselves. In pressed form, this litter
can stand long distance transportation and, consequently, it will find
application also on farms which have no peat moss near their fields.
Peat litter might play a particularly important role én suburban vege-
table farms which usually have a poor supply of straw. Besides, it must
be taken into account that each’ton of factory-made peat litter will
produce 6=7 tons of good manure.

Peat ought to find widespread Use also in the form of composts
and mixtures with various matorials. According to data of White Russian
scientific~research institutions, the effectiveness of s peat-manurec
mixture (one part of manure to one-two parts of peat) is equivalent
or almost as good as that of manure. “This can be judged by the results
of an experiment conducted at "Ust'e®. In this experiment the yield
of winter wheat grain constituted: [Begin p.16]1°18.1 centners per ha
without introduction of organiec fertilizers, 31.7 centners per ha after
adding 40 tons of manurc, and 30.3 centhers per ha after adding 40
tons of a peat-mamire mixture (one ;part of manure to éne part_of peat);
the yicld éf hay 3f peronnidl grasses (clover ¢ timothy) sdcded under
ry¢ was 91.6, 123.9 and 117.0 centners por ha respectively.
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ILLUSTRAT IOH

Preparation of peat composts.

Uniloading of liquid manurce from
motorized cistern

At present peat-manure mixtures are being applied not only in the
White Russian SSR, but also”in various rogions of the RSFSR - Moscow,
Leningrad, Kirov and others. The most importaft poat composts are
peat-liquid manurc and peat-excroment composts.

Along with the intensive peat fertilizers listed above, the dried-

off 4nd wind-aired lowlard peat must find application in pure form

also. Lowland poat produces a smaller increase in yield than do

intensivé peat fortilizers, such as peat manure, pecat composts or

mixtures. Poat in pure form can, however, be utilized in instances

when there is morce peat available for fertiliZing than is necded for the

preparation of mixtures, composts and manures. If applicd corrcctly

and in sufficiont amounts (not less than 40 tons per ha), then dried

and wind-aired; peat aids considerably in raising the yicld of agrie

cultural crops. Thus, for instance, in the cxporiment conducted by

the Institute of Socialist Agriculturc of the Academy of Sciences,

BSSR, at "Ust'e", “the yicld of hay of perennial grasses. (clover # timothy)
. increascd from 24.1 contners to 93.7 cenfnors por ha, because the

soil was fertilized with 40 tons of peat.

A highly effective mcthod of utilizing poat is to employ peat-
humus pots to grow vegotable scedlings.

In addition to manurc and pcat, it is esscntial that other local
fertilizers, such as cxcrements, éity refusc, barnmyard manurc, pond
silt be utilized more extensively. A considerable increasc in préduces.
tivity can bo achicved if these fertilizers arc applicd corrcetly.
The high cffectivoness of cxcrement fortilizer can be cstimated by
data of an oxperimont conducted by the Institutc of Socialist Agriculturc
~of the Academy of “Scicnces, BSSR; the yicld of forage beets on a control
tost plot was 181.9 per ha, but after application of 36 tons of poat- ‘
cxcrement compost on 1 ha, it roés to 745.6 etntnors poi-ha..

City refusc can be utilizod widcly as a fortilizer on subtrban
farms; it is best to loet it first scop throught a compost pile. In
addition, city rofuso is uscd on truck-farms as a biological fucl.

In mony regions conditionsfavor the application of grecn manurc,
primarily in tho form of lupiné. Lupinc is particularly important in
the rcelamation of sandy soils. Nonetheloss, it can bo uscd as grecn
manurc also on claycy sod-podzolized soils. Thus, for instanco, at
"Ust'c", tho yicld of winter rye grain obtained on & control tost plot

‘ on clayey sod-podzolized soil was 11.2 centners pér ha, yct on the
test plot fortilized w ith lupinc - 21.2 ¢ per ha. :
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Results of investigations conducted in reécht yoars show the high
cffectivencss of grcon manurc combined with peat. Thus, on the cx-
perimontal ficld fertilized with groen manurc combinod with pcat
(40 tons per ha at the "Ust'’e"™ cxperimental basc, “the hay “yield of
percnnial grasscs (Clpver / timothy) rose from 22.0 to 78.2 ccntners
per ha. '

‘ The principle plant cultivated for grocn manuro is the bluc.
angustifoliwm lupinc. Howcver, in’various localitics of our country,
particilarly in the West, {Bogin p.17] it is expodicnt to sow yollow
lupinc. Thc erop of porcnnial lupinc should dlso find application,
particularly in the northcrn part of thc USSR. '

Spccial attcntion ought to be paid to 2 mofc oxtcnsive distribution
of thc crop of mildly alkaloid (forage) lupinos. These lupincs mako
splondid forage plenmts, while their root mass, harvedt waste as wcll as
thoir aftcrmath porform the function of groon menurc. The aftcrmath
of scrradella could also be uscd as groen mahurc to good advantage.

In the Sovict Union, espccially in the non-black soil belt, arc
found vast arcas 6f lond with hoightoned acidity dotrimcntal to most
cultivatod plants. Such soils contain littlc organic matter or nutri-

. tive cloments, posscss poor “physical propertics, poor structurc, & nd
honec are littlo productive. On acid soils, various agrotechnical
moasurcs including the usc of fertilizers very often not only fdail to
produce a full cffect, but somctimes cven cxort ncgative action.

To improvc thc agronomic propcrtics of these soils it is Accossary,
first of 211, to rcducc thoir cxecssivo acidity by liming. In liming
soil in grass-ficld crop rotations, onc must strive to rcducc oXe=
cossive soil acidity to & mildly acid roaction which is best for the
development of percnnial grasses used’in grass=-ficld crop rotations
and for most othecr agricultural crops.
Liming cxcrts on soil multiple action. Its positive effoct 1is
manifost in the following: it climinates oxcessive acidity and the
action of motilc alumimumm compounds harmful to plants, which is
conncetod with the acidity, as well as oxcess mangancsc. Limihg crecates
favorable conditions for the activity of uscful microorganisms.

Under tho influcnco of chemical, phsicochomical and biological

procosscs which originatc in thc soil duc to liming, thorc occurs

an increasc in the contont of nitrogcn, phosphorus, potassium, czlcium,

magnesium, and molybBdcnum compounds, and of other mitritive substanccs
available to plants. The physical propertios of tho soil improve,
particularly soil sfructurc, as: do the water, air and nutritive
rogimes of tho soil. Togethor with limc the soil is fod caleium - onc
of thec basic nutritive substanccs of plants, the lack®of which is oftcn
folt by difforont crops grown on sod-podzolized soils.

' Liming of ocid sod-podzolized soils is a very cffcctive mobhod of
incroasing thc productivity of agricultural crops. Tho goncral
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inference of data on field experiments conducted in the Soviet Union
is that average gains in yield from soil limihg fluctuate for grain
crops (grain) from 2 to 6 centners per ha; for hay of perennial

grasses (clover £ timothy) from 10 to 15 centners per ha; for fodder
beets (roots) and fodder cabbage from 40 to 100 centners per ha; for
table beets (roots) and table cabbage from 30 to 80 centners per ha.

Red clover and mixed perennial grasses, in the compoSition of
which clover belongs, respond to liming particularly well. The in-
crease in hay of mixed grasses, consisting of cléver and timothy,
frequently reach 30-40 centners per ha and above. Furhtermore, under
the influende of liming, hay of mixed grasses experiences an increase
in albumin and vitemin content, as well as in phosphorus and calcium,
which is most significant for the quality of forage; clover which
very often fails on unlimed soils shows increased winter hardiness.

TLLUSTRATION

Transporter broadcasts fertilizers

' ‘"TUR - 7" on the field

(Begin p.18] 1In view of the high responsiveness of clover as
well as of other perennial grasses to liming, this measure is most im-
portant factor in intfoducing correcct crop rotations with seeding of
grasseson acid soils. S8oil liming is the modium for obtaining high
and stable crops of percnnial grasses with a powerful root system.-
Liming produces high increases in the yield of vérious other crops:
plents with edible roots, cabbagc, whoat, barley.

If lime is addéd in doses reducing soil acidity to a mildly
~acid reaction; i.¢., ih normal (full) doscs, the action of Lliming
will manifcst itsolf for 10-15 years and longer. Thus, for the period
of its cffcct on sod=podzolized soils with hcightened acidity, cach
ton of lime produccs a total inercasc in the yiocld of all plants grown
during that pofiod cquivalenmt in terms of grain to 12-15 contncrs of
the production, ' :

Liming influcncos not only the magnitude of the yicld but also
its quality; with an adcquate maghesium and boron conteont in the
soil, the influcncc of liming incrcascs the sugar content in the roots of
plants-with-cdiblc roots, of starch in potatocs, fats in sccd, vitamins
in diffcront plants, and also improves the propertics of sccd grain
and incrcascs their productivity. In addition, the improved sccd
grain (yicld) propoartics can bc transmittcd thitough horedity from
gencration to gonoration for a numbor of ycars.

The offcetiveness of liming dopends to a high degroc on the
doscs of limc and mcthods of placoment. In dotcrmining limc dosagces,
onc should procced from the above cited basiec hypothetical principle of
soil liming pursuant to which hcightcned soil acidity must be roduced
to 2 mildly acid roaction. The amount of limc roquircd for it depends
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on thc soil proportics, particularly on soil acidity and the me=

chanical cémposition of soils, as wcll as on thoir contont of organic
substances. If tho contont of organic substances in sod-podzolized soils
is not over 3%, thon it comes to 4«6 -tons por ha far mcdium afd heavy
loams, and to 2-4 tons por ha for -light loams and sandy soils. The
application of such quantitics of limc cnsures considerable growth

in the yicld of most agricultural plants diring onc or cven two ro-
tations of a scven-ten ficld erop rotation.

The amounts of lime indicated above can be applicd not only by
onc mcthod, but by soveral. This constitutos anothor important hy-
pothesis of modern soil liming which proves that it is possible to
rcpcat th¢ application of “reduccd dosecs of limc morc frcquently then
in Iiming with full dosocs.

Soil can bc limed with diffcront typcs of lime peck and.indubtridl
waste and, in thc first place, with matcrials which nced not be
ground or calcinated; namcly, loosc lime petk and Yime waste of in-
dustry of which the Soviet Union has huge reoscrves. Tho basic loosc
limc rock constitutes limec tuffs, ground dolomitc [dolomitovaia
muke], lake limc, chalkemarl and morl. The mein limo wastos arcs
ash of ighoous-shales, waste of tho sugar industry (defecation),
wasto of the limoc, coment and Silicato, motallurgical industrics,
wasto accumulated in pits at tho placos whoro lime is boifg minod for
tho nceds of industry and road construction, and pcat ash.

Soil can be limed with hard limo rock, with ordinary and
dolomitic limcstonc and dolomitc, as woll as with solid chalk. To-
do this, it is nocessary to organize tho grinding of of those rocks
and in arcas rich in fucl = their calcination.

Some of tho indicated materials contain magnosium along with
caleium; for instance, ground dolomite, diffecrent products of acratcd
dolomitic limestoncs and doleomites, as woll as ground limc [izveste
kovaia muka] pfeparod form thosc rocks, slaked limo, dolomitic dust,
and some marls. Limc fortilizers containing magnesium producc o larger
increaso in tho yicld of many agricultural plants (clover, alfalfa,
lupine, scfrclla and other legumes, plants with odiblo roots, potatocs,
onions cté.) than fortilizers with an inconsiderablc admixturo of .-
magnosium. [Bogin p. 19]

. I is cxtremely important to combinc the liming of soil with tho
application of manurc and other organisc as well as minocral fertilizors;

tho highcst yicld of agricultural crops can bc obtained by this mcdium.

D

If soil is limod in corrcet crop rotations with sccding of
grasscd, onc to bogin with must strive to crcatec conditions favorable
foar the growth and development of percnnial grossos. This cmbodios
tho third fundamental hypothesis of modern soil liming. ‘Procceding
from this hypothesis, it is nccossary to introducc limc under .o wintor
or spring crop scrving as a cover crop for grasscs, if good yiclds
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of porcnnial grasscs arc to bo obtaincd.

Liming of sod-podzolized soils with heightoned acidity is also
highly significant in solving othcr agricultural problems = in the
dultivation of sod-podzolized soils, decponing of the plowing layer,
creation of a forage base, moving differont plants from morc southcrly
rogions onto thc non=black soil bclt, credting eonditions far bétter
utilization of commercial mincral fertilizors.

Tho prime importance of liming was noted by comrade G. M. Malenkov
in a roport to the 19th confercncc of the Party. Posirg on the problem
of how to increaso productivity in the non-black soil belt of the
Soviet Union, he said: "To obtain high and stablc yiclds 6f agriw
cultural crops herc, it is ncccssary, first of all, to organize large
scale liming of acid soils with a’ simultancous application of sufficicnts
amount of organic and mincral fértilizers, to doveclop grass culturc to
the utmost, to improve tillugc"l. Our country has vast arcas of saline
soils which inrmost cascs contain much sodium and sémeotimcs magnesiwn
and other cations, yet its calcium content is small. Theso soils '
are distinguished by poor azronomic propertics and thoy produce low
yiclds. The proporties of thesc soils can be radically improved by

) substituting sodium found in a statc of abscrption (or somo cation)
. for caleium. This can bo accomplished by trecating the soils with
. gypsum. Ih localities with saline soils gypsum troatments arc of prime
importanco. '

Striving to fulfill the deccisions of tho Septembor Plonum of the
Contral Coumittec, KPSS, on raising the agriculturael lovel, in addition
to fertilizers already adapted to agricultural production, it is nccessary
Yo utilizc also fortilizers which arc not as yet in use, or have becn
applicd on 2 very small scalo. This portains primarily to microferti-
lizors containing cloments required by plants in ncgligiblo quantitics

" (microolemerits )1, ‘

Microfertilizers currently in usc arc the copper type applicd on
peat soils on which for lack of them, the grain in a scriocs of grain
crops fails to dcvelop altogother, “or develops abnormally, whilc many
other crops producc roduccd yiclds. The basie copper feortilizer is
pyritc cinder§ containing, besides copper, differcnt othor clements in
large cmounts. ' , -

In the Soviet Union boron fertilizors arc also applicd, although

in small quantitics. Thesc fortilizers producé an ospecially high offccet
under conditions of limod sod-podzolized soils. Boron fortilizors not
only incrcasc the yicld of flax, but they also improve thé quality of
its “fiber and ‘raisc tho plant's resistance to bacteriosis. Tho usc of
+ G. Malcnkov. Complotc roport on the work of the Contral Commitioo of
the VKP(B) submitted to the 19th Party confercnce, Gospolitizdat,

. 1952, pp. 54-55. s
1 Concerning this itom scc also d- VI PoivoTs articlc "Microolomonts in
agriculturc", "Priroda®, 1953, no.ll.
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boron”fertilizers is also very significant in the culture of sugar
beets. Liming acid sod-podzolized soils facilitates considerably
the: increase in sugar beet yields; yet at the same time infection

of the beet roots by heart-rot and the dying-off of the point of
growth are frequently observed., Boron fertilizérs are a good medium
in safeguarding sugar beets from these diseases. Everthing said
about the sugar beet concerned the forage and table varieties, and
also, ‘although to a lesser degree, different other plants with edible
roots. ,

t

Boron fertilizers have & particularly good influence upon the
generative organs of plants; not only the yield of seed increases,
but the propertiés of seed grain improve as well, and productivity
rises. [Begin p.20] Hence it is essential that these fertilizers
be utilized extensively in growing various plants for seed. This
applies particularly to clover and to different vegetable crops, also
to flax. :

Manganese fertilizers are used in our country chiefly on chernozem
soils in the culture of sugar beets. Nonetheless, results of in-
vestigations conducted in recent years have shown that they produce a
considerable effect also in liming of sod~podzolized soils with
heightened acidity. Thus arises the question cohcerning the appli-

. cation of manganese fertilizers also in the fion~black soil belt of the
Soviet Union under conditions of soil liming.

Our agriculture is meking little use of bacterial fertilizers
which represent the cultures of various bacteria facilitating the
accumulation of nutrient elements in the soil or the conversion of -
substances contained in these elements to a state available to plants.
Of bacterial fertilizers, only nitragin is being applied to & consider=
able exbonmk}' conepmitantly with nitragin, the culture of nodular, )
atmospheric nitrogen~fixing bacteria is being introduced in the soil.
These bacteria live on the roots of legumes forming special nodules.
The action of nitragin upon agricultural plants and the conditions
of application of this fertilizer in rclation to the biological pro=-
pertics of the plants under cultivation have been studied in great
‘detail. This circumstance permits its offedtive use in increasing the

productivity of “verious legumes in rélation to the specific characteristies
of these plants.

Azotobacterin is used much less than nitragin; it rcopresents the
culture of the azotobacter microorganism which also fixcs atmospheric
nitrogen, but, contrary to nodilar bacteria, lives frce in the soil
and not on the roots of plants.

In recont years phosphobacterin has been adapted to agriculture;
it represents the culture of bacteria the activity of which is ro-
. - sponsible for incrcdsing in the soil the content of phosphorus campounds
available to plants. The considerable incrcasc in the yield of
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agricultural plants observed in many.ocxperiments with phosphobacteorin
justified the rccommendation of this fertilizer for use in agricultural
production. It must, howcver, be noted that conditions of offedtive
application of azotobactofin and phosphobacterin have not as yot been
sufficicntly investigated.

For a number of years now, agricultural production is utilizing
the bacterial preparation AMB fagar meat bouillon (7)] which very often
produces a considerable cffect. Nonethéless, the conditions for its
use must also be defined more preciscly. :

At present a large part of the work with fortilizors and their
usc is little or not at all mochanized., This pertdins particularly
to manurc, pcat and lime fertilizer, to gypsum otc. It is sufficient
to point out that hundreds of millons of tons of organic fortilizors

- are loaded on trucks, ‘unloaded and spread over the ficld only with
the aid of pitchforks. In connoction with the cxtensive usc of chemi-
cals in agriculturc to be adapted within the next fow yoars, it is
esscntial to ineroasc sharply the mochanization of all proccsses
connceted with the proparation, transportation and placcment of
fertilizers. '

Large scale application of fertilizors is 'a poworful factor
in increasifig tho fertility of soil and the productivity of agricule=
tural crops. : :

" The natural riches of our groat mothorland and the huge successos
of socialist industry permit the utilization of this factor to the
fullest extont in obtaining an abundance of products and in unceasing
the prosperity of the Sovict pcoplec. :
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Resul'taty Ispytanii novogo fosfornogo
udobreniia -~ termofosfatal

[Results of testing Thermophésphatel -
& new phosphorus fertilizer].

Doklady Vsesouznoi Ordena Lenina Akademii
Sel'skokhozieistveniiykh Nauk imeni V. I.
Lenina, vol. 15, no. 10, pp.35-38

1950 ' 20 Akl

(In Russian)

ESULTS OF TESTING THERMOPHOSPHATE -

A NEY PHOSPHORUS FERTILIZER

- -

Submitted by Academician P. A. Baranov

It is well known that the best fertilizers for acid mifieral pod=-
zolic soils and for peat-bog soils are alkaline fertilizers, These
include thermophosphate2, thé néw type of phosphorus fertilizer obtained’
by the method developed by B. N. Melent'ev (Academy of Sciences, USSR)
by mixing apatite concentrate (or apatite rock), olivenite, colskite
[kol'skit] and quartz in proportions determined by weight and by
appropriate subsequent treatment.

This fertilizer contains up to 26% P20g5 (including citrate~
soluble up to 24%), MgO--8-10%, Ca0-~18-20%, SiOp--43-45%, Feg0z-~Alp03=~
2"3%- . : .

A study of the fertilizing action of the present thermophosphate
was conducted by the author from 1946 through 1949 with different
agricultural crops and on differant types of soil [Begin p. 367 -
characteristic.. of the northern part of the Siberian forest zone.

The agrochemical soil characteristics of the experimental plot
(arable horizon) are cited in table 1.,
1 In articles and reports published eariier, the given fertilizer was
known as magnesium phosphate, but in the present article it was given -
the name of thermophosphate which is mofe‘accurate and fits its nature.
The pH of its liquid extract equals 8.0.
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' . | Table l.
. Coo |
/ . o A 2 |
X Type of soil | Salt | & "ot | +n | = | 3 Experi-
4 oo H 0 .o o 0 o A o mental
p T M ow MO o O — 4
() o +0O @ o b crop
3 2 aﬂg 'g g~ . :o: _ \ﬁ o
+ o v N O {é
By . 2 O +2 ay w
ek w9 9.0 o o =
o 3 (o] O N ©eed
d%g 87T 4B | &Y
(2sS 2943 (838 R
Sandyi...... | 4:62 7:45 1144 16:19 |20:55 |Potatoes (expil)
R B 214 828 1 5I54 140109 [43:75 |Potatoes (exp.2)
Sandy loam:: { 4:29 } 8157 3.80 130,70 1 4150 Oats & barley
Clay soil... | 4:94 | s:2 } 338  I37:85 | 7;50 qoats
Lowland bogs 4718 72:00 49:20 h0259' 79,30 Potatoes
" f 4.64 T 65:95 33790 - 3400 |23:55 Oats
Upland bogs 4724 | 104710 307156 22346 | 770 Qats
Lowland " 424 | 65195 30:15 31:37 |23:55 |Barley
" n 4.24 | 60.40 j45:60 13.48 123.10 Turnips
- o u 4.50 63.63 $65.45 $50.70 191.90 {Perennial grasses
. SR O : '
. A V‘ﬁ

On mineral podzolic soil the investigation of thermophosphdte
action was conducted with potatoes, and oats and barley for hay.

The experiments with potatoes were conducted for two years on a
well tilled plot, on the base of organic fertilizers (peat-manure
composts) in ddses of 80 tons per hectare. The soil was a sandy -
ferrous podzol. '

The experimental results are cited in table 2.

Table?l.
. . Potatoes | Potatoes | Oats, yield | Barley, yield
Experimental scheme | (1947-48) (1949) . of hay of hay
yield of | yield of c/ha & ¢/ha
tubers 3 tubers
c/ha _‘ Q/ha
................. - - — T - -
NK---..-ccnucnlocnn 90.9 1 73.9 . - 18.2 _ 1 9’3
] - 3 ‘ ; - 4 -
‘ . NK #P in supérphos .+ 149.8 129.5 23.0 : 14.3
, " phate....... " o » - 1 - # M
NK AP in thefriophos— | 131.6 132.5 24.2 22.8
phate......... . : '

Declassified and Approved For Release 2013/09/17 CIA-RDP80R01426R0102000'1 0001-0




Declassified and Approved For Release 2013/09/17 . CIA-RDP8OR01426R010200010001-0

(3) Trans. A. 538

In the given experiment phosphorusvfertilizers were applied with

& disk harrow after plowing, which is less expedient than deep appli-
cation.

A7

Hence, in 1949, the experiment with potatoes was repeated. - In
this experiment the fertilizers were plowed under.

The results of this experiment cited in table 2 show that this
time the potato yield derived with thermophosphate was as good as the
- yield achieved with superphosphate; this fact corroborates the “above
statement concerning the method of thermophosphate application.

The industrial experiments conducted on kolkhozes and Sovkhozes
also demonstrated the high effectiveness of thermophosphate. In these
experiments, the application of thermophosphate prodiced a yield that
was higher than the one obtained with superphosphate.

Expériments with oats were conducted for 2 years, with barley for
one year. The experimental plot represented reclaimed virgin land
from a spruce=-birch forest. The soil of the plot was sandy loam and
humic ferrous podzol. I# the experiment concerned, phosphorus ferti-
lizers were plowed under.

) Table 2 shows also the advantage of thermophosphate over super-
. phosphate when applied under the crops of oats and barley planted
for hay on podzolic soils. This was particularly evident in the case
of barley in which thermophosphate applied in the same dose as super-
phosphate” increased the yield of hay by 8.5 c/ha as compared to super=
phosphate.

Analogous results were obtained also in vegetative experiments
with oats and barley crops on podZolic (virgin as well as cultivated)
sandy, sandy loam, and clay soils, Bar]ey, for instance, gave the
following yield of an airdried mass per container: on virgin and
sandy soil with superphdsphate - 33,5 BT with the same dose P05
in thermophosphate - 39.5 gf, and ‘with 4 one and a half doses 50. 1
gr; on cultivatéd soil -752,9; 70.2, 73.1 gr respectively; on virgin
clay - 36.7, 42.9 and 50.1 gre

On peat=bog soil, experiments were conducted with potatoes, with

oats for hay, barley for grain, with turnips and perennial grasses.
“

The experiments with potatoes were conducted for 3 years, ex=
periments with barley, turnips and perennial grasses (mixture of
cereal and legume grasses of 1935 crop) for 2 years on well cultivated
lowland bog. The results of these experiments are cited in table 3.
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.

Table 3.
Lowland bog Upland bog
<
/ Expord
xperimental scheme
] od |98 3 % foats, yield
ES o E?‘_ - o 58 | K] dof hay, c/ha
- = - > ~ 7 D g '
oo <] | «w & - ¥ o
M ~ 0 4> o~ W - Bt
0@ P @ 0 185 o %; o)
oL 0 N i O g v ‘-
: RN ] e~ 00 3 & K o u.g 10 -
RS N 5 tod o
+> @ =G © ) %
O m o &0 {np wo o.«g
n o ' oo -
NKeeeaneonnn o] 18315 4.7 | 115.2] 42.7 |57.8] 0O
NKAP in supérphos- - © - - .
phate'QQQ“'. 225.0 5‘2 165‘6 43.8 66.7 O
. NKAP in thermoz" ~ . : : - . -
phosphate.... 261.4 } 7.8 208.5] 46.9 |66.3 25.5
» Notes: 1. The'experimental results in tables 2 and 3 are cited for the
i of years équalling th¢ time in which the experiment was
.;. conducted. B
5 -

2. Fertilizer was applied under experimental crops in the
following doses; potatoes ~ NggKjzpPgg; oats and barley for
hay - NgKgnoPggs barley for grain - N3K76P?; turnips - '
NgoKggPggs percnnial grasscs - NgoKsoPe »

3. The good yicld obtained with NK in the expcriments on
peat-bog soil can be explained by the fact that in the
yoars preceding the oxporiment, largé doses of phosphorus.
fertilizers werc applied on the plot,

Date in table 3 show that the yield of potatoes, barley (grein),
turnips and percnnial grasses on bog with thermophosphatc is higher
than the yicld gained superphosphate.

In addition, it must be notod that thermophosphate, concomitantly
with inereasing the productiviby of percnnial grasscs, cxerted an in-
fluecnce also on thce composition of the grass mixture; on test plots
where this fertilizer was applied, the amount”of grasscs valuable as
forago cfops had incrcascd (timothy, foxtaill). :

Trans. notes fertilizer dosagés in notc 2 arc practically illegible
in original text.] '
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Industrial cxpcriments in which thermophosphato was applicd under
perennial grasscs on lowland hog produced the same rcsults.

The data show that with the crop of oats plantcd hay ofi lowland
bog, thermophosphate equals superphosphatc in cffcctivoness. Analogous
results werc obtained also in vogetative cxperiments with virgin pcat
of lowland bog. '

T

[

Tho situation is cntircly diffcercent on upland bog where we werce
unablc to obtain & yield of oats with’a scloction of the usual mincral
fertilizers containing superphosphato. Sprouts advanced in height
only 5-6 cm, had a stuntcd appcarance and 2 yéllow color, and they
remained like that for the rcest of the summer. In contrast to this,
the yicld of hay from oats obtained'with thecrmophosphatc was 25.5
centnors per ha,

Similar results worc obtaincd in vegetative cxperiments with poat
of upland bog in which, upon application of superphosphate, ocats
perished comploteoly aftor rcaching baroly 5-6 cm in height; yot with
the usc of thormophosphatc it showed powerful dovclopment, had 2 normal
dark=-green ¢oloring, rcached a height of 70 cm afd produced thc high
yiecld of 61.5 gr of air-dricd mass per container. L|Begin p. 38]

@ Besides the experiments conducted to investigate the effect of

. thermophosphate upon the productivity of agricultural crops in the
year it is applied, a study was also made of the action it exerted
in subsequent years, and of the influence of thermophosphate of
various grists.

A study of the aftereffect of thermophosphate on peat-boy soils
was conducted with perennial grasses. The experiments demohstrated
that the aftereffect of thermophosphete on these soils is more pro=
nounced than its direct action., For example, the yield of hay of
perennial grasses obtainéd a year after the application of super=- -

phosphate amountéd to 44.2 centners per ha; yet after thermophosphate
it was 51.5 c/ha.

Studies of the aftereffect of thermophosphate on mineral soils
are still incomplete and more work must be done in this direction.

A study of the effectiveness of thermophosphate of different
grists was conducted in vegetative experiments. They showed that to
obtain good results, the grist of thermophosphate must compare to
Thomas slag; i.e., it must not exceed 80 mesh in coarseness; the use
of coarse grist thermophosphate reduces strongly its effectiveness
in the year it is applied. This iS5 particularly apparent on mineral
soils, but less pronounced on peat. For example, on sandy ferrous
podzol, in the year of application, the yield of the air-dried mass

obtained from éne container was: oats, after coarsec thermophosphate
‘ (30 mesh) = 17.34 gr, after fine (80 mosh) - 31.29 gr; barley - 11.52
gr and 41.56 gr rcspectively.
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CONCLUSIONS

1. As a phosphorus fertilizer, thermophosphate”is fully adaptable
to mineral podzolic and peat-bog soils of the North. With respect to
its effeétiveness on minéral soils, it equals superphosPhate, and on
pcat s01ls it exceclls it.

A’w": AN

2. To obtain greater effedtiveness of thermophosphate on mineral
soils, it must be plowed under. This method of application increases -
its availability to plants, : :

3. The grist is of decisive importance in the adaptation of
thermophosphato, it must not excced 80 mesh.

4, The appllcatlon of thcrmophosphate produces satisfactory
yields on acid’upland bogs without thc usc of ncutralizers (lime,
nephelinc etc).

5. Thermophosphate is a very valuable fertilizor for the northorn

part of the podzolic zonec dnd for peat-bog soils; it oxccls supor-:
phosphate in cffectiveness, '

. Vscsoiuznyi N.-I., Institut ‘ - Received at Editor's Officc
Rastenievodstva March 31, 1950
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“as if each of the salts had been "dissolved" into the other. Because

. vantage of this fertilizer, the authors peint out, lies in its high

'—_ November 19, 1952, cited 2 line of figures obtained from results . of
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Baranov, P. A. and Koren'kov, D. A.

0 novom vide slozhnykh kontsentriro=-
vannykh beschlornvkh udobrenii

[New type of compouhd conéentrated
non-chlorous fertilizers].
Zemledelie, vol. 2, no. 8, pp.60-67
Aug. 1954 ' 0 744

(In Russian]

NET TYPE OF CONMPOUND CONCENTRATED
NON-CHLOROUS FERTILIZERS

The Instituté of General Inorganid Chemistry of the Academy of
Sciences, USSR (A.TIa. Zvorykin and F.M. Perel'man), has developed a ~
method for obtaining a compound concentrated non-chlorous fertilizer.
It is composed of potassium and ammonium phosphates which crystallize
themselves in the process of their production in so close a’contact,

of this, the authors gave the fertilizer the additional name of
"solid solution® This fertilizer contains about 5% of nitrogen,
about 50% of phosphorus and about 22-23% of potassium.

In recommending this fertilizer for production, the authdrs
point at a series of its advantages over ordinary fertilizers.

In the opinion of the authors, this fertilizer is more effective
than a-corresponding mixture of simple fertilizers dnd, in addition,
it eliminates the need of mixing simple fertilizers. The other ad-

content of nutrient substances and in the absence of ballest matter,
particularly chlorine. :

Regardless of the fact that the mattcr had not been suff1c1ent1y :
investgated, the &bove fertilizer was widely advertised by the authors.
Particularly A.Ja. Zvorykin, in his articlé "New Type of Mineral
Concentrated Fertilizers", published in No. 273 (8379) of thc news-
paper "Socialist Agriculture {Sotsialistichoskoe zemledelie]" of

expe riments conducted with different crops which indicated the ad-
vantages of the above fortlllzer over ordlnary types.

Upon the suggestion of the Ministry of Agriculture, USSR, the
All-Union Scientific Research Institute for Fertilizers, Agrotochnlcs
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and Agro-Soil Science, and a numbcr of othor scientific rescerch
institutions conducted in 1953 fiecld and vegetative cxperimcnts- to

test the proposed fertilizer (hincefarth to be referred to;as potassium=.
ammonium-phosphate) on a series of agrlcultural crops undor dlffbrent
soil.and climatic condltlons.

During thc testing this fertilizor was compared with concentratcd :
fertilizers containing no chlorine (ammonlum nitratc, double supor-
phosPnatc or ammophos, potassium sulfate).

The varied content of nitrogen, phosphorus and potassium within
potassium-afmonium~-phosphate was takon into considcration during the
cxperiments. H encc this fortilizer was tosted with and without
additive of othor concontratod fertilizers, bringing the nitrogen,
phosphorus and potassium doses up to the proportions adopted in practice.

-

To bring out thc advantages of potassium-ammonium-phosphate more.
fully, thc cxperimonts were conductcd under conditions favorablc to
the action of this fertilizor: +the choicc. of crops was limited to thesc
scnsitive to chlorinc and fo saline concentrations in goneral, and of:
s6ils as light as possible. Along with broadcast placement, [Bogln
p.61] the fortilizer was tosted also undor conditions of localized
application at planting time.

Vegotative cxporimcmts. The cxpoerimonts conductced by VIUAL
'Al11~Union Institutc of Fertilizers, Soil Scicnce, and Agricultural
Enginecring] (Candidate for Agricultural Sciences, A.M, Shchepetil!
nikova) with flax on podzolized sandy loam and clay soil have shown
(table 1) that the compound fertilizer potassium~ammonium-phosphate,
applied without an additive of nitrogen fertilizer, (var. 2) produces
the same effect’as an equivalent amount of simple concentrated ferti-
lizers (var. 3). :
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‘ | Table l,
No. id 7
conc. |- _— . Yield of flax (in gr per contalner)
) order Expermental variant : ons
et L Sandy loam ‘ Clay SOll
Fiber | Seed ; Fiber |.Seed
[solomka] ; '
t .
- - T - ; . -
1 No fertilizer........ seseaen 4,21 0.72 8.69 -1.72
2 Potassium-ammdénium-phosphate
1 (in dose of 0.2 gr P305 pér” g - _ -
container)....ceeveeiiiannae, 5.48 0.96 9.57 1.77
3 Binary superphosphate (0.2 gr j .
Py0g per container)femmonium $ S
nitrate and potass1um.su1fate T ) ) i
(in dose of var.2) 5.73 1.15 9.95 1.85
. 4 Ammonlum nitraté # potassium” . - -
sulfate (base)ieeveesienaasso 11.36 3.11 13.90 4.37
5 Base # potassium-amménitm="" - : -
phOSphateo-....v..--.....-... ' 14.18 5-67 18-69 ,‘i 4-78
6 Base £ binary superphosphate 13.96 3.69 17.90 4.92
7 Base / simple superphosphate 11.62 35.23 15.37 4.55
8 ~iAmmonium nitrate, simple super< . -
phosphate, potassium chloride 10.88 3.29 -- -

D

Only by adding & sufficient amount of nltrogen fertilizer.and pota531am
sulfate (var.5) & marked incréase in fiber yield (by 2-2.5 times) as

well as in seed yield (by 3-3.5 times) was obtained,

A 2-3 time incresse in ylehd was obtained from pota551um-amnon1um-
phosphate and from the comparable potassium phosphate [fosforno~
kaliinogo] fertilizer on a “nitrogen base on light sandy loam as well

as on heavy clay soil (var. 1 and 2, 4 and 5).

‘Howevor, tho simple

concentrated fortilizers = ammonium nitrate, binary superphosphate
and potassium sulphate - produce under analogous conditions practi-
cally the same cffect as the fertilizor under investigation (ver.6).
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On a base of an adequate dosage of nitrogen and poteassium ferti~
-lizer (in the farm of potassium sulfate), the fertilizer under investi-
S : gatlon produces a large increase in yield as compared to a selection of -
simple fertilizers only if binary superphosphate is substituted with
an ordinary pulverized type (var.7), dnd potassium sulphate is sub-
stituted with a chlorous type (var.8).

The effectiveness of potassium-ammonium-phosphate in localized
application at planting time was studied in another experiment W1th
flax on sandy soil. The results are cited in table 2.

‘Data in table 2 show that neither the absoluté yield nor the
increase produced by the fertilizer was large (var.2), when the
applicatiof of potassium-ammoniumephosphate was localized (under the

" sced) (var.2). An equivalent dose of phosphorus and potassium
(in the form of binary superphosphate and potassium sulfaté) pfoduces
‘the same effect as the fertilizer under investigation (var. 4).

Yet, by applying an adequate dose of nltrogen fertilizer (in
the form of a side-dressing at the bottom of the container), the
effect derived from applying the fertilizer undef investigation
under the seed increased by more thah twice (var. 6).

| , )

No. in : i
cons. _ Experimental variant . Y1eld of flax
order ' : (in gr per contalner)
]
Fiber Seed
1 No fertilizer..i..vviiiiieiennnan 4,21 : 0.72
L . . = .
2 Potassium-ammonium-phosphate (0.1 o
 ET P205) ‘ o _ 5.1 : 0:83
3 Binary superphosphate (0.1 gr P20g) 4,23 _ 0.69
4 ~ | same 4 K280, (equivalent to var.2) 5.04 0.93
5 | Base (ammonium nitrate £ pétassium | - .
- sulfate) (N--0.25 gr, K~-~0.5 gr) 7.84 2.70
6 Bage # potass1um-ammon1um;phésphatc - : -
1 (0.1 gr P205)......................'V 9.95 4.07
7 | Base P blnary superphospnate (0i17gr ! - ‘ .
. A ons,)""' ...... P I R 2 3.84

N o t e: phosphates were introduced 2 cm bclow'sécd~(in rows).
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Under thesc conditions, the effect of simple cencentrated fertilizers

also rose sharply, and a certain decreasc of it, as compared with
.« the fertilizor under investigation, can obviously be explained by the
fact that no potassium sulfaté was introduced in the "rows" in these
experimental variants (var.7). '

. The experiment with flax was conducted also by the All-Union
Scientific Research Institute for Agricultural Microbiology on sod
podzolized moderdtely clayey soils. The fertilizers were introduccd
at the rate of 0.1 gr K50 per kg of soil. The amount of the other
fertilizers was calculated if donformity with this dose. Data of
yield are presented in table.3.

-

Tabloe 3.
- No. in ' : - Yield of flax
cons. : B : : - #{in gr per container)
order Experimentel variant ; o
! ! Fiber |  Seed
1 Control (no fertilizer)....uvvevsessas | 2109 6.8
‘ 2 Fotass ium-ammonium-phosphate, «. ...,y 31.5 6.8
3. v Ammonium hitrate, binary superphodphdté, | N ‘
potassium sulfate (in dose of var.2)... 32.6 8.44
‘ : 4 | Potassium-ammonium-phosphate with addi- i
tive of ammonium nitrate andxpotaéSiﬁm‘ -
sulfate as a side~dressing..ceccceveceds 49.8 14.3
-5 Ammonium nitrate, binary superphosphate i
and potassium sulfate (doses and pldéé= gy T
ment methods enmalogous with var. 4).... 53.6 15.4
& Ammonium nitrate, simple superphosphate
and potassium sulfate (doses and pldcé- - -
ment methods analogous with var.4)..... 53.9 15.5
7 Ammonium nitrate, simple superphosphate,
- potassium chloride (doses dnd placement T .
methods analogous with var.4).......... 52.9 17.2

The data cited confirm that potassidm~ammonium-phosphate (var 2)
~ and simple concentrated fertilizers (var. 3) added to & dose of
potassium-ammonium~phosphate produced poor results, while an addi-
tive of nitrogen and potassium™fertilizers mixed with the ferti=-
‘ . lizer under investigation (var.4) contributed toward a Gonsiderable
increase in the yield of the fiber and the sced of flax. At the
same time 2 mixture of ordimary fertilizers, oven in the form of

"
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simpie superphosphate and potassium chloride, (var. 6,7) showed better
action then the fertilizer in question (with an additive of nitrogen
and potassium up to & normal ratio).

N : Experiment with maize. A vegetative experiment was conducted by :
i the Soil Institute of the Academy of Sciences USSR (D.M. Kheifets-
Shtrausberg) on cis~Caucasian chernozem soil to study the influence

of potassium-ammonium~phosphate upon the development of the vege-
tative mass of maize. Date on this experiment are given in teble 4.

-

Teable 4.
No. in{ | Weight of dry plants
cons. Experimental scheme - (in gr per container
order ' ' for 30 days of far 51 days of
- vegetation vegetation
1 NO fertilizerillll.“l."ll}.'..' 2-17 ) é 602.
2 . | Potassium*ammonium~-phosphate (at * -
rate of 0.5 gr PoOp per container) 3.67 , 10.32
" 3 NH,NOz, KCl; Ca~(H3P0i)2:B30° (if - o
Jdose of var. 2)iiiieiaiiiiiianna 4.00 ' 10.60
4 | Potassium-afmonium-phosphate (in
dose of var. 2) £ NH4NOz (up to 1 |
gr N) KC1 {p to 17gr K20 par con- o I I
IR0 ) e einreertansancatrianass 6.12 31.75
5 NHgNOg, XC1; Ca~ (H3PO4)s H30 (ia : - - -
dose of var‘ 4)‘.‘.‘.9‘\..“".. 7.40 ' 33.50

-

Table 4 shows that potassium-ammonium~-phosphate (var.2) and an
equivalent quantity of simple fertilizers (var.3) produce almost the samc
action exertifig @ mild influence upon the development of the vegetative
mass of mzize. By supplementing potassium-ammonium-phosphate with :
potassium nitrogenous.fertilizers up to a nofmel’ratio, the develop-
ment of maize was considerebly improved (var. 4). A mixture of simple
fortilizers, howover, produced a somewhat bettor dffdect than an equivalent
amount of the fertilizer under investigation (var.5). '

Ficld experiments. To test potassium-ammonium-phosphate, a
sories of experiments was conducted with potatoes on the podzolic
soils of TSOS [Central Insurance Dopartment of the People's Commis-
_ sariat for Rail Transport (?)] VIUAA, the Novozybkovsk Experimcntal
. ~ Station of VIUAA, at tho Institutec of Potato Economy, and at the
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| -

Institute of Grain Economy of the Non-Bladk Soil Belt. The results
of these experiments are cited in table 5.

Table 5 shows that the increase in the yield of tubsrs and starch
. derived from the application &f potassium-ammonium-phosphate is in-
| signifidant in localized (var.6) as well as in basic application
¢var.2). High yields of potato tubers and starch were obtained on all
types of podzolic soils, including light sands and sandy loams, when
potassium~ammonium~phosphate was supplemeited with ean adequate amount
‘of nitrogen and potassium fertilizer (var.4). In addition, simple =
concentrated fertilizers were in every case as good &s potassium-
ammonium-phosphate, and in a number of cases their action was better.

Concurrently with the above, the exXperiments of the Institute of
Grain Economy of the Non-Black Soil Belt, conducted on heavy clay soil
and sandy loam (table 6) at the "Put' Oktiabria®™ kolkhoz, Kuntsev ~
District, Moskow Region, demonstrated that the effect of potassium-
ammonium~-phosphate (var.2) upon the yield of potato tubers was inferior
to that of an equivalent amount of amméniud nitrete, simple super= -
~ phosphate, and potassium chloride (var. 3).

Only by supplementing the fertilizer belng tested ammonium nltrate
and potassium chloride (var.4), the yield of potato tubers was con-
. siderably increased, particularly on light soil. At the same time,
simple fertilizers in normal proportions (var.5) produced better action
on light sandy soil than on heavy clay, as compared with t he potassium-
ammonium-phdésphate variant plus an addltlve of potassium nitrate ferti-
lizers (var.4). [Begin p. 65]
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Teable6.,
° No. in . : ' ' _ Potato yield"
cons. Experimental variant - : (in cent. per ha) on:
y order . ' Heevy - | Light
' . ' foelay sandy soil
1. | No £ortilizer...i.e.v. seveeeeees | 109.5- 60.0
2 Potass1um-ammon1umyphosphate 0.66 :
| C/haniitl'in.l‘Q'I.O“"!CII.O..I 170'2 C 110.0
5. NPK (in dOSG Of vVar. 2)0-'0.‘--.!. 19210 V_ 13000
4 ' Potassxum—ammon1um~phosphate 0.66 - )
c/ha £ NK (N--33, Kp0--33 kg/ha.. © 223.5 188.0
5 NPK (in dose of VBre4)eeeeeacesns 207.7 192.0
| | ‘ ’
6 Potassium-ammoniwm-phosphate 066" o v :
: c/ha £ N 29.7 kg/ha.....;........, 210.0 152.0
' ~ An additive merely of & nitrogenous fertilizer increased sharply
the yield of potato tubérs (var.6) ensuring an additional increase in

yield up to 40 ¢ per ha.
Experiment with tobacco. Tests of potassium-ammonium-phosphate
on tobacco were carried out at the experimental stations of the All~
Union Scientific Research Institute for Tobacco and Makhorka. These
investigations also confirmed that potassium-ammonium=-phosphate fails
to produce significant increases in tobacco yield without a supple-
mentary application of potassium nitrate fertilizers; yet an additive of
‘nitrogen and potassium to the fertilizer up to a normal ratio of
the substances incredsed the yield -and the output of hlghﬁgrade
varienties of tobacco. At the same time, the action of an equivalent
amount of simple concentrated fertilizers was ifi most cases approxi-
mately the same, and in individual cases better. At the Crimean
Experimental Station, in 1952, the application of ammonium nitrate
(Nzp), superphosphate (P205-100) and potassium sulfatc (Ky0-—100)
produced a total tobacco yield of "14.1 ¢ per ha, with the yield of
its high-grade varienties being 5.5 ¢ ‘per ha; yot with potassium=
ammonium-phosphate (Po0s—100) the total yicld &f tobacco was 11.4
¢ per ha, and the yicld of superior varictics 5.1 ¢ per ha. By
supplementing potassium-ammoniume~phosphate with & potassium nitrate
fertilizer, the total yield of tobacéo came to 13.3 contners including.
}ttthe yicld of superior varictios of 5.6 ¢ per ha. At tho samo stdtion,
. -.in 1953, the tobecco harvest in the Wz Pypgg Kipo variant was 10.1
. contnoers per ha, with the yicld of superior varicties being 5.7 ¢ por
. ha, but in tho'__potass1um—annnon1um—phosphatc variants suppilemented
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\ - (10) Trans. A. 539
| ‘ with ammonium nitrate and potassium sulfate up to the propértions ine
' ‘dicated in the above variant, tho tobacco yicld cedic to 1048 ¢ por ha,
and the yield of highegrade tobacco varictios- to 5.6 ¢ per ha,

’ At thc Kotaisk Experimental Station, the following tobacco yiclds

werce obtained in 19563 (tablc 7).
o ' _ _ | ~Table7.
‘ N ' Total Including yicld °
No. in ' yicld of superior vae
Cons. Experimental varient ricties as of 3rd
Order - , o Joréaking :
' in cont. per ha
1 No fortiliZereveiesisoeeeanaans 22.86 7.0
2 ‘Potassium-ammoniun=phosphatsé "Ny, < -
| 13P90kag, 21 k&/haaaiiiiiiiiiii | 28075 8.1
3 Ammonium nitratc, superphosphatc,|
‘potdssiam sulfatée” (in"dose of "vary  © -
(2)veiiiiieniiiiititiraaseianaen f 256,63 11.1 !
4 Potassium-ammonium—phosphaté“%'“" ) | - -
" | KNOz / NH,NOz (NggPgoK100)-+e++.~f 28.30 } 7.7
5 Ammonium nitrate, superphosphatc,
‘ potdssiom sulfate” (ih dosé of “var T i
4).'Qnicﬁc-u~‘.‘-qttttntct.-ttntq‘c 24!95 ‘ llns

“[Begin p.66] Table 7 shows that potassium-ammonium-phosphete
(var:2) and an equivalent amount of single concentrated fertilizers
(var.3) exerted similar action upon the total yield of tobacco. But
the yield of high-grade varieties fertilized with simple concentrated
fertilizers was by 3 ¢ per ha higher than in the case of potassium=-
ammonium-phosphate. By supplementing it with ammonium nitrate and
potassium nitrate (var.4), the total tobacco yield was 3.35 ¢ per ha
more than witR simple concentrated fertilizers used in the same propor--
tions (var.5). The yield of high-grade tobacco varieties, however, in this
experimental variant with simple concentrated fertilizers was also higher
by 3-6 centners than with potdssium-ammonium-phosphate combined with
potassium nitrate fertilizers. :

Experiments of the same stations have demonstrated that the action
of a mixture of simple fertilizers is more effective than that of pot—i
assium-ammonium-phosphdte, if its potassium sulfate is substituted
by potassium magnesium. -

In addition, we shall cite the results of testing potassium-
: ammonium=~phosphate on sunflowers and cestor plants obtained .in the 1953
. - experiments of the All-Union Scientific Research Institute for 0il

. Crops (table 8).
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: Table 8. ‘
: " Method | Sunflower | Castor plant
’ No. . : of ; in c/ha '
in "} Experimental variant place- tyield | in- | yield in-
y cons. - - ment i crease § crease
. order ) _
T | T | N
1 No fertilizeresccees m—— 26.6 L.-'f 9.9 ; -
2 Potassium-ammonivm-phos-j on one 28.2 1.6 10.8 0.9
phate Ng gzFg, 25K2,75 side of
xg/va hill
3 Organo—ﬁineral graniles R U ) i
NPK (in dose of var.2) same 27.9 1.3 | 10.9 1.0
4 Granular factory super= | i ’ - -
phosphate Pg 25 kg/ha " 28.6 | 2.0 11.1 | 1.2
5 Potassium-ammonium-phos= in - ) i o
phate .(in dose of var.2) hiil - 26.9 | 0.3 11.0 1.1
‘ These data show that potass1um—ammon1um—phosPhate (var,2) is i
equivalent in éffedtiveness to organo-mineral granules applied in the

same dose (var.S), and is somewhat less effective than grarular super-
phosphate applied in doses identical with the second and thirds variants.

Thus, the results of field and vegetative experiments indicwte
' that potassium-ammonium-phosphate has no advantage over an appropriate
selection of plain concentrated fertilizers the action of which, in a
number of cases, proved to be betier.

The advantage of potassium-ammonium-phosphate simmers down to nothing
 if the chlorous potassic salts [khloristykh kaliinykh soleil] are sub- .
stituted with potassium sulfate or even with the cheaper potassium
magnesium. This substitution incorporates in the fertilizer not only
potassium, but also other valuable mitritive elements, such as sulfur
and magnesium. :

The experiments have also shown that a simultaneous combination of
nitrogen, phosphorus and potassium in one crystal of a compound ferti-
11zer is not a necessity.

The dif:erence in the motility of the ions NHy, K, PO4 in the soil,
the series of conversions and variations which fertilizers undergo in the
soil under the influence of physico~chemical and biological processes--
all these phenomena and facts practically void t he importance that once -~

- was attached to the close union of mutritive elements within one crystal.
. They remain in such a state only until they are placed in the soil, and
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theixr joint locale (focus) in the soil is very c¢onditional for potassium
and partlcularly for nitrogen which are distinguished by great motlllty
in the soil as compared to phosphorus. Furthermore, the simultaneous
introduction of nitrogen, phosphorus and potassium fertilizers. into the
soll is not prompted by therequirements of plants. As the ‘plant de-" :
velops, its requirement far nitrégen, phosphorus and potassium varies.

In this connection, already D. N. Prianishnikov pointed out that the need
faor fertilizers depends not ofily on the species of the plant, but also

on the properties of the soil. Potatoes on light soils, for 1nstance,
may require most of all potassium, yet on chernozem soils, phosphorus;

in additign, potatoes on the same soil, thriving on manure, will sooner
require & supplement of phosphorus and nitrogen than of potassium, in-
contrast to potatoes not fertilized with manure. The degree of clover
and alfalfa participation in crop rotations alse leaves its mark. i
Bence the simultancous introduction of nitrogen, phosphoris and pota351um
- fertilizers into the soil is not an absolute precondition. Besides,

the results of the investigation have shown that potassium~ammonium=
phosphate, thanks to tho disproportion in the content of its nutritive
substances, produced & high effect only when it was mixed with simple
mineral fertilizers, bringing its nitrogen, phosphorus and potassium
content into more effectiye proportions. As a result, the authors!
argument that thc application of the compound fertilizor proposed by

them will relievé agricultural production of ‘the task of mixing fertilizers
lacks foundation. ' v

It follows from the abovc statement that, in view of the abscnecc of
any advantages of potassium-ammonium-phosphatc over simple concentrated
fortlllzors, the question of cxpedicney of its production cannot be

ettled by agronomic evaluation, but solely by thc technical and
cconomic factors of its production. -
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o (1) ’ . Trans. A. 540
. . : ‘ Abstract and trans.
’ ‘ ' ’ : of CohAclusions
By: R. Adelman

Genkel', P.A, and Oknina, 5.7,

'§ Diagnostika morozoustoichivosti

g rastenii po glubine pokoia ikh
““?%, tkanei i kletok

[Diagnosis of frost-resistance in
plants by the depth of dormancy of
their tlssues and cells.]

Izdateltstvo Akademii Neuk SSR,
Moskva, 1954, Not in USDA

(Instruction in methods).

(In Russian)

DIAGNOSIS OF FROST-RESISTAI‘IC?L TN PLANTS BY THE

.« | ' DEPTH OF DOREANCY OF THEIR TISSUES AND CELLS.

Chapter I contains the f0110w1ng list of 1ndlcators of the depth of
dormandy and frost-resistance in plants:
1. Conversion dynamics of reserve substances;

2. Process of the separation of protoplasm;
3. Character of plasmolysis in & sépcharose solution;

4, Time of advance of cap plasmolysis;
5. Resistance of lipoids to temperature influendes
(in plants in whose tissues lipoids develop)

In most grads crops starch converts into sugar, in woody species into
fats and lipoids, Observations of conversions are conducted with the aid of
microreactions.

Plasmodesma are observed in & plant while it is in a state of vegstation.
It connects adjacent plant cells, but séparates itself from the cell walls
as t he plant enters a state of dormancy.
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If the process of protoplésm separation is not discovered directly
microscopically, then the state of the cell (dormancy) can be determined by
the shape of plasmolysis in a molar solution of saccherose.

The time of approach of cap plasmolysis indicates the degrec of swell=-"
ing of protoplasm col}oi&s;vthis circumstance is one of the best indicators
of the depth of dormancy. o

Frost-resistant varioties of woody species are characterized by a deeper
conversion of substances than varieties of poor resistance. Conversion of
substances in frost-resistant plants goes far enough to form fats and lipoids,
in poorly frost-resistant varieties it ends with fat-~like substances or sugar.
In the first, decomposition of lipoids occurs at a temperature of 70°C, in
the sécond at 40-50°C - a fadtor of utmost importance in the survival of a
plant.

Chapter II deals with the comparative evaluation of diagnostic methods;
chapter II, with evaluation of the degreec of frost-resistance in fruit
crops obtained on the basis of microchemical reactions, and chapter IV,
with the depth of dormancy and frost-resistance in cereals and other grass
crops.

CCOHCLUSIONS

In summing up the above account, we are’able to submit the following
diagnostic scheme for frost-resistant plants.

1. Observation of dynemics of the conversion of reserve substanccs
(the disappearance of starch and accumulation of sugar ifi grass crops, and
fats in tree species characterize the state of dormancy).

2. NMicroscopic detection of the separation process of protoplasm (in
a state of dormancy protoplasm separates to some degrec from the cell walls)
and the color of plasmodesma (the absence of plasmodesma characterizes the
state of dormancy of woody and grass Crops).

3. Investigation of the character of‘plasmolysis in a molar solution of
saccharose (bulging plasmolysis = state of dormancy or emergence from it).

4. Investigation of the rate of approach of cap plasmolysis in thiocya-
rate potassium (the slower the -approach of cap plasimolysis, the less bulging
is protoplasm, thc more sound the state of dormancy). The given property is
particulerly pronounced in tree species. -

5. Investigation of the magnitude and stabiiity of iipoidic layers
(the greater the depth of dormancy, tho sherper is the rcaction to lipoids

in trce specie§, and the temperature dausing the destruction of lipoids must
be the higher). ‘ '
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The above described mcthods determining the depth of dormancy and its
relation to frost-resistance are fully within the reach of any ]v.aboratory,:.

-

i‘u—) N
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